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INTRODUCTION 
TQ@ THE SEOOND WDITION. 


In order to ronder this edition moro valuable to 
tho hydraulic ongincor it has been considerably ex- 
tondod by tho insertion of soveral new tubles, fornniln, 
experimental cooficionts, oxamples, and general esti- 
mates of cost, It ia hoped that Cho great oxtent and 
practical naturo of tho additions will render this 
work far moro useful than the first in the over 
varying requiromonts of tho profession, ‘Tho six 
pagos on entchment basing, rain-fall, and water power 
in tho first odition have beon oxtended into three new 
soctions of ono hundrod and ten pages, embolying 
tho subjects of wator supply, sewerage discharge, 
Arainago, and tho mothod of delormining the useful 
offect of wator employed in turning Ube various kinds 
of water wheols. Considerable additions have also 
beon mado in Sections I, UF, TV, VU, and IN; 
the practical formulg for gauging hy weirs have been 
oxtonded through twonly-onoe exten pages of new 
mattor ; tho portion Wrenting of tho conveying powers 
of pipes and rivors Iw been also extended by Cho 
ingortion of now tublos at pages 42, 162, 11, 220, 
and 262, and of several now formule, amongst which 
Wo beliovo that a6 payo 216 (119A), will be found, in 
praclico, the simplost and most accurate yol tis. 
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covered for ranges of velovity: varying hobw on ane 
inch and twenty feok por seeond, and for all exeri. 
tions of chamels, pipes, nid rivers wilh wl ch. the 
engineer has to deal, 

Wo havo noticed at page 88 the erroneous n tation 
of Morin and othor engineers ine giving dal, twos 
thirds of the eo-aicient of discharge for veins, 
This notation assumes Chat the theoretical disc argo 
from tu noteh is the same as if all the partic os of 
yyater had the sume velocity us those ander rst, 
which, boing too large hy ono-third, he experin natal 
coofficions hay to bo reduced in the same proper fou 
My. Blackwell and My, Hughes, in this countey, ond 
thomsvlves to this nomenclature; tho ladder ge do. 

man says, page 328 of his useful dreutise on Wo lor 
Works®, “Mv, Neville, in his tables of the diseha go 
over weirs, termed the theoretical dixchurge 32 a 
instead of 48142 in oubio feok per minnie” Ve 
wero corrost in doing so, fora weir one foot ton; 
and those who adopt the lader formula are terre: 
this is a matter of demonstration, uot of opinia . 
We can seo no reason for sauctioniig a diveret 
notation for notohes, or orifloes at the suefre, un 
gunk orifices. ‘Tho éooflicionts whou in thin plates 
with lnrgo cisterns, haye newly the samo gener 
yaluo, ‘616 to 628, and it tonds to confusion to adopt 
in one placo a coollicient for 2s correct formula, wid 
in anothor a cocfficiont for an incorrestone; albhough 
the final result by an equality of contrary errors 
mey be the same in both Wo may here observe 





* Wenle’s Sories. 
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how vory gonoral the coeficient of wo-lhirds, wid 
thereabouts, is for all orifices, notches, and alse for 
the useful effect derived from the application of 
water power, as woll us the relation of the velocity 
duo to tho fall and the velocity of water wheels to 
pivo a maximum result, ‘Tho modifications of voelli«, 
cients dependent on the position, thickness, form, 
and approaches of an orifice are seldom understoad, 
Tho defects in the ordinary formula when the velo- 
city of approach has to be considered aro pointed 
out ab pages 100, 116, and 106, and ib is to he re. 
grotted that the authority of D'Aubuisson und others 
has misled many as to the correct form. Before the 
effective power of a water wheel, or water cnghie, 
can be detormined we must know how to gaige the 
water supplied to iG correedly, This ca he dot 
only by the application of formulw varied to suit the 
cireumstances of the caso wider consideration, ram 
causes, Which it is nob necessary to enter into here, 
this hag seldom been done, and very little dependences 
can bo placed ou results obtained by the fount in 
common uso when applied generally, Tt is pleasing 
to follow Jrancis and Thomson through the steps hy 
which they got the effective power of their wheels, 
and we have accordingly made considerable use of 
their labors in Section XTY, 
We havo modified somo of the old. partial equations 
for the velocity in pipes, beginning wt (86), from the 
rs ays a 
LOE oe | nt il bh 
principally for tho purposo of giving the munerical 
values of ¢ in the form vse 77s, Of course Uheso 
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mottifiontions are only applicable when the aie of | 


a, , ‘ . 
ip 8 small compared with that of the velocil 
2 


Some remarks will be found at pre Qe pos vethig + 
M, Darey's new formula for the velocity of w ter tn | 
iron pipes, ns given hy Morin in hin Ulyedree ft, | 
Wo hava, only sine those renuirks were wriller seen 
tho original Mémoivo, printed in Pome RY, Alt adres 
présentés pur diners saivints a VAeettinie des Se nees | 
de Ulnstited Impérial de Prance, Paris, 1868, Uhis 
Mémoire oxtonds through 263 quarto pages, of woleh 
34 contain tables onleutated from the formula, We 
havo not hact time fo do more than glanea throug it, 
ub tho deduecd formula appenrs to ho eulively le 
. tived from tho author's experinents. This we ¢ it 
sidor, to somo extent, objectionable ; but, howe 
this may be, there ean bo no doubt that: the vaio af 
the coofliciont c, in tho formula me 7 rs, Inerous 8 
with tho inclination, s, as well as with (he dinmets , 
47, of tho pipo; and as M, Daroy’s formide atk 
tho yaluo of the multiplier, ¢, depend alone on th 
value of 7, or 42, there appears an omisaion, in anakiny 
tho coofliciont of friction ontivaly independant of the 
hydraulic inclination, and dependent only on tha size 
of the channel, We shall give a fow oxamples, taken 
at disoretion, to show how limited this formula mist 
be in its application. 

1,. Gouplei’s. experiment, No, 43, p, 103, redneed 
to fect, gives + = ‘8907 fect, » = 0086, rs = 00139, 
and the observed velocity v = 3-478 feot = 964/73 
nearly. Darey’s formula would give 0 = 1108 
irs, our formula 106 /7s nearly, and Weishach's 
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105 rs nearly, ‘Tho pipo was probally an old 
ono, and a deduction of about LO per cont. might he 
made for tho state of the bore. Wo havo here, how- 

ever, no means of judging the feet of a change of 
inclination on the mulliplior, ¢ 

9, From Du Butts oxporimonts with an inch 
pipe, nearly, Nos. 50 and 51, p. 103, wo got, aflor 
reducing them to fect, in exporhnent 60, » = 0222, 
$2228 and » = 633 foot = BN2 re, or, afler 
making tho necessary deductions in the head for the 
velocity and the orifice of entry with the coelliciont 
816, s=2 TAT and v= 6°38 Soob = WL es, 
exporimont 61, wo algo geb in (Geb #22 0222, 9 x: 
"8074, and ws THd = 92 ro; or, by making 
allowance for tho head due lo the velocity mul the 
ovifico of ontry, as before, sc L79, audon oe TOL 
feob = 119-7 7s, Iore wa seo how tho velocity 
or.value of tho inclination, s, aweots the value of 
tho muttiplior, tho. diametor romnining constant, 
M. Darey’s formula, in oach case, would ouly make 
v = 803 rs, 

8, In the oxeerpt proceedings of the Institution 
of Civil Engincors, p. 4, 6th ebruary, 1856, dames 
Simpson, president, in the chair, thore is given for 
the “Colinton pipo” 16 inches diameter, eight or 
nino years in uso, threo observations, — Mirsl, 29,680 
feat Jong, a head of 420 fect and a dischirge of 67) 
cubic feot per minuto: these give’o = 6-816 fool ox 
99:2 /rs nearly. Secondly, a length of 26,765 feet 
a head of 184 foot, and a dischargo of 440 cubic feat 
per minute: theso givo o = 6-262 fect = 96-2 rs, 
And thirdly, a longth of 8,816 foct a hend of 184 
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feat, uid a discharge of 1,215 cubic foot pers innto: 
theno give o == 14-6 foot = HG yZrsnearly, t thes 
threo oxamplos, tho dimmoter, castings, wind ye of 
tho pipes aro the same, Yet we see, clowtly, U1 th the 
iuctination afeets tho nultiplier of airs, whi h in 
evenses with the inelination, s although MY eey's 
formule would inake the naltiptier (he same in neh 
ense, mnt for all inclinations, via, » = 110 “ys, 
Making thoso allowances inseparable from Che fate 
of tho pipo, and all oxporimontal ohservitions, | ese 
rosults, as well as those from Du Buil's exporime ie, 
confirm tho acauraey of our goneral forutale (11!) 
prgo 216%, and thoso others wo have given follow 4g 
it, us well also as Umut of Woishach, 

Dr. Young's formula, page 207, hems a reset 
blanco to that of M. Dorey, in making tho ma. i 
plior of 4/7°s depend only on the dinmeter; Int t 
works ina contrary mantor: for he high velociti 1 
being derived from pipes, with snintl dinmetors ind 
experiments at his commumd, tho value of ¢ ine 
e /rs, vodveod from his formula, becomes lrger t 
gonoral for small than for larger dinmetora, Ne 
doubt an allowance should bo made in small pipet 
for o thin film of water adjoining the pipe with little 
or no velocity ; but within tho limits which the en- 
gincor has to deal this may be noglected, {ls afoet, 


* Tho form in which wo frat Alaeovorod tein formula wax 
10-6 Sact 
vo {140 - eal Xf ra Vor mesures in tmolves it becomes 
pe ITS (rsjb— 40 (rayhs in which 7 is hall the rndina of a cy- 
Hindrienl pipo, or tho hydrantio moan depth of any channel, 
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as woll as that of all the othor resistanees, jrmelions, 
contractions, doposite, de, ix greater iu small Cam 
in largo pipes. Wo must refer to the body of the 
work for futher remarks on this subject, it from 
lately appearing at such length in the Mémoires of 
the Imporial Academy of Scionces, M. Davey’s lor 
mula called for especial notico here, 
- Tho Statistics of rain-fall and ealchment-basins 
have not yet reccived the attention which the subject 
deserves. Tho distribution of min ganges with re- 
ference to olovation, coutonr, temperature, and iso 
thermal lines hag not been sullieiently attouded to, 
The connexion of tho rain-fall with tho discharge 
gonorally, for the wholo catchment, for the teibulary 
catchments, and thoir sub-catchments, at the sew in 
the middlo districts and at the sourees, noting the 
geology, must bo observed for several years before 
tho questions of supply, discharge, hyorption, and 
evaporation in any climate ean he answered, ‘Tho 
maximum and minimum discharges in cach your md 
series of yoars must bo observed, us woll us the 
average moan discharges, and tho maximums and 
minimums of these also, before the physical con 
nexion of climato and eatehment can bo correctly 
ascortainod, and tho ongineer furnished with volinble 
data. Heretofore observations, even when best, haye 
been partial or limited, aud a wide field is here yet 
open to competent physicists in comexion with au 
drainage works, , 

The general itoms of cost piven in Sroron NTH, 
will bo found of uso ; they are intended, how. 
ever, more as guides than as standards for other 


° 
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feot, and a dischargo of 1,215 enbie foet per minute 
theso givo » = 14-6 foot = 116 rs nearly, Tn thea 
threo examples, tho dinmotor, crstings, and ago ¢ 
tho pipes are tha same, Yot we see, clearly, dat Ov 
inclination affects tho multiplier of \/rs, whieh in 
creases with tho inclination, s, although M. Daroy’s 
formula would mako the multiplier the same in cach 
cage, and for all inclinations, viz, » = 110 Ars, 
Making those allowances insoparablo from tho atnte 
of tho pipo, and all oxporimonti) observations, these 
results, as well ns thoso from Du Buit’s oxporinenta, 
confirm the accuracy of our genorel formule (L194) 
pogo 215 *, and thoso othors wo have given following 
it, as well algo as that of Weisbach. 

Dr. Young’s formula, page 207, bears a resem- 
blance to that of M. Davey, in making tho multi- 
plier of rs depend only on tho dinmetur ; Ine it 
works ina contrary mannor: for tho high velocities 
being derived from pipes, with small diamelors in tho 
exporiments at his command, tho valuo of ¢ ino os 
r/rs, reduced from his formula, becomes larger in 
gonera for small than for larger dimnetors, No 
doubt an allowance should bo mado in small pipes 
for a thin film of water adjoining tho pipo with littl 
or no velocity ; but within tho limits which tho en- 
gincer has to deal this may be neglected. Its affect, 


* Tho form in whieh wo first discovered this formule waa 
be snide 

= {140 - a } XJ ra For mensnves in motres it: hecamon 

9 = 778 (rs))~ Ae (ra)§; in which x is half tho ending of a ey- 


lindvient pipo, or tho hydenulic moan dopth of any channel, 
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as woll as that of all tho other resistances, junctions, 
contractions, deposits, c&e., is greater in small: Chan 
in largo pipes, Wo must refer to the body of the 
work for further romarks on this subject, bub from 
lately appearing aé such length in the Mémoires of 
the Imperial Acadomy of Sciences, M, Darey’s for- 
mula called for especial nolico hore, 
- The Statistics of rain-full and catchment-hbasins 
have not yet received the attention whieh the snhject 
deserves. Tho distribution of rain gauges wilh re- 
ferenco to olovation, contour, temperature, and iso 
thermal lines has not been sufficiently blonde to, 
Tho connexion of the rain-fall With the discharge 
generally, for the wholo catchment, for tho Wibutary 
catchments, and thoir suh-catchments, at the sea in 
the middle districts and ab tho sources, noth Uta 
geology, must bo obsorved for several years hefore 
tho questions of supply, discharge, absorption, and 
evaporation in any climato can bo answered, Tho 
maximum and minimum discharges ju cash yon and 
serios of yoars must bo observed, as well as tho 
averago moan discharges, and the maximus mid 
minimums of these also, before the physical eon 
noxion of climate and e¢atchmont can be correctly 
ascertained, and the engineer furnished with reliable 
data, Heretofore observations, even when best, have 
been partial or limited, and a wide field is here yet 
open to competent physicists in comexion wilh our 
drainage works, 

Tho general items of cost given in Sxorton XTH, 
will bo found of uso ; they mo intended, how- 
ever, moro as guides than as sbundards for other 
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works,-tho cost of which must dopend on. their own 
circumstances, ‘Those who havo practival oxpoxionve 
of the differences betweon estimates, cost, and valuo, 
and how thoy are affvetot by timo, locality, quality, 
and quantity, will estimate for each caso in dotnil; 
bué tho diseropaucies botweon estimates and cost, 
even under tho same cirewnstances, avo too well 
known to call for any remark hore. 

‘A. few words about ow publisher, Mr, Wealo 
having purchased our interest in this edition, ab once 
decided on adopting larger typo and bettor paper, 
at a heavy extra outlay to himself. We had reason 
‘to.bo satished with tho manner in which tho first 
edition was brought out, in this, however, ho has 

- excelled, and we hopo his eriterprise will reecive a fair 
yeturn. ‘ 


Jocelyn Street, Dundalk, 
October, 1860. 
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In preparing the following work, we Tuul three oh. 
jects in view: first, a collection of useful hydraulic 
formule ; secondly, & collection of experimental re- 
sults, and coefficients ; and, thirdly, # collection of 
useful practical tables, some ealeufuted ontirely tray 
the formule and experiments, aut olhers. for Che 
purposo of rendering the caleulations more easy. 

The Tantus ab the ond of the volume are all 
original, with the exception of Tanne TL, whiel) con 
tains the well-known coeflicionts of Ponortar aud 
Lagrros; but those aro newly arranged, the levuls 
reduced to Mnglish inches, md the coefficients for 
heads measured over and buck from theories, 
placed sido by side, for moro ready comparison, 
The coollicionts in the small Tables throughout tie 
work have been all adeukuted hy us frau dhe original 
experiments ; the fommuhke dive been earefully ex. 
anined, and the continental ones reduced to [Mnylish 
measures—somo of them, as will he seen, for the 
first time, No labour has been spared dn prepariags 
tho Tasnus, and they are all purely hydraulic, thoueh 
some of them are capable of being otherwise applica, 
Weehave filled no gap by tho introduetion of ‘Tables 
applicable to othor subjects, and in overy-tduy use. 

u 
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Tho correction of some of the experimental fe. 
mulo, particularly tho eoutinontal ones, as printe | 
“in somo Enelish books, cost ws some Tabour, lye, 
Du Bui’s woll-known formula is frequently mi 
printed; and ina lato hydrawlie work, NA thon, Or 
of the factors, is printed 4721. in every page whet 
it is quoted. It is not always that snoh mistake 
can bo avoided, but experimental formule aro s 
often copied :from one work into another withon 
sufficiont examination, that an crror of this Icing 
frequently becomes fixed; and when applied to prac, 
tical purposes crroneons formule get the correct ones 
into disrepute, Seo note to formnla (1). 

Tho Tastes of velocities and discharges over weirs 
and notches have been ealeulated for a grant nuniber 
of coollicients to meet differnt circumstances of ap- 
proach and overfall, and for various heads from fth 
of an inch up to 6 feck, ‘aan TT. ombodies tho 
velocities acquired by falling hodies under Cho head 
of “ theoreticnl velocity,’ and the velocitios, suited 
to vartons cooflicionts, for heads up to 40 foot. 

The formule for calewating the eteels of the ve- 
locity of approach bo oriflees and weirs, and che 
necessary corrections for tho ratio of the channel to 
tho orifice, as wall as Tatu V., wo believe to be 
original. . hoy will bo found of much valao in de- 
termining the proper coeflicionts suibed to various 
ratios, The remarks throughout Seorion TV, aro par- 
ticularly applicable to the proper use of this Tash. 

Taste VIL, of surface and mean yolocitios will Lo 
found to vary from those generally in use, mul lo be 
much more correct, and better suited for practivul 


INTRODUCTION VO THE MRST EDYMON, a 
purposos, particularly ag applied to finding the mean 
-velovities in rivers. 

We havo extended Tannen VIET so as to imake it 
divectly available for hydrantic mean depths, from 
woth of ay inch to 12 foot, and for various hydraulic 
inclinations, even up to vertical, for pipes, The full 
in rivers seldom exceeds 2.or 8 feat por mile, or the 
velocity 5 or 6 fect per second, The extension of the 
Table for great inclinations, ail consequently preat 
velocitios, was made for purposes of enlentation, and 
to include pipes. Ié must be widerstaad Cheoupgh- 
out this Tasne thab the velocities are those which 
continne wachanged for any longth of channel, viz, 
whon tho resistance of friction is aqual Co Che aeeeles 
ration of gravity, tho moving water and clamel 
being then dn @acn. Several of Du Buit's experi- 
monts were mado with small vortienl pipes, ‘Lhis 
Tanne is equally applicable to pipes and vivers, aud 
gives directly cithor the hydraulie inelination, the 
hydraulic mean depth, or the veloeity when my lve 
of them are known. 

Hydraulic formule have been frequently rendered 
unnecessarily complex, and unsuited for preetien! 
application, by combining them with those of mere 
monsuration in order to find the discharge, We live 
therefore given fornntl for finding the meut velovity 
principally,—unless in a fow instances, as ii orifices 
near tho surface, where the discharge ilsell’ is first 
necessary to find the mean volocity ; this once deters 
mined, the calculation of the discharge beromes one 
of simple monsuration. 

We have preforred giving the mean velocity lo the 

ni 
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dischargo itself in Tanta VIL, Deoanse, while a 
infinite number of chumeds haying (le same lydia 
inclination (9) and the same hydranlic mean depth ¢ | 
must have the same velocity Ce, yel the section 
areas, and consequently Che cliseliarges, yay vin 
upwards from GYss2r, the aren of a somioiredla 
channel, to any extent; and the operation af matt 
plying the avea by the mean veloeily, to fud th 
discharge, is so very simple that any tehulation (a 
that purpose is unnecessary, Besides this, tho hanks 
of rivers, unless artificially protected, remain very 
seldom at a constant slope, and thorefore any Panties 
of discharge for particular side slopes aro only of uso 
so fav as thoy apply to hypothetical cases.  Tndecd 
* wo have scen, in new river cuts, the banks, cut first 
to a given slope, alter vory considerably in a few 
months; while the necessary regimen between the 
velocity of tho water and tho chumel was in tho 
course of boing estublishod. ‘Pho voeloeity suited to 
the pormanency of any proposed river ehunel, 
though too ofton entirely neglected, is tho very first 
element to be considered, 

For cireular pipes, however, ‘Tanne TX. gives tho 
discharge in cubic fect por minuto when the velocily 
in inches per second is known, or found from Carce 
VIIL, and is calewlated for pipes from tur of an inch 
up to 12 inches in diameter, Tanne XU gives also 
the discharges in cubic fect per minute from the 
different equivalent river channels in Tarr XL 

TasiE X.,, for finding the heads on weirs of different 
Jengths, Lapnn XL, of equally discharging river 
channels, and Tanne XID, of the actual discharges 
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from tho equivalents in ‘Lanta XL, will be found of 
great practical value when new weirs and waler-culs 
have to bo made, Tantes XL and NUL are equally 
applicable to channels haying side slopes, Wie wiell lst 
being then tho mean or central widllia. 

When the disehargo aud ful are known, wud the 
hydraulic mean depth and the dimensions of ay 
channel have to be determined, Problem UL, section 
8, as illustrated in Mxamrnn 17, section [, gives a 
new and porhaps the most practically useful solution 
yet published. ‘Tables XL, XTL, aul XT are pur 
ticularly applicable to this problow. 

A uniform notation is preserved throughout the 
work, so that the diferent experimental forma: enn 
be compared withoub any further reduction, ‘The 
letter A is used in every instance for the head, ¢ for 
tho coefliciont, » for the meu vadins or hydraulic 
mean depth, aul s for the sine of the hydraulic 
inclination, wiless it bo otherwise stated, by order 
to designate partiouliy values, Che priniry lelers 
have deponent or initia’ lotters below bo explain then, 
Thus fi, is the head to tho /op of an orifies, 4, the 
head at the dottom, A, tho head ona eer, 4, bho head 
due to friction, e, tho cooficiont of eiseharge, e, the 
coefficient of velocity, ¢, tho coeficient of couteaction, 
&e, When the whole head is made up of diferent 
elements, such as tho portions due to frielion, velocity, 
contractions, bends, &e., it is expressed by the eapital 
letter a1, 

Somo writers and engineers appear lo confound 
the inclination of a pipe, simply so called, ov Ghe heal 
divided by the length, with the hydraulic inclination ; 
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and consequently have fallen into error in applying 
sueh of the known formulas tako into consideration 
only the head duo to the resistance of friction, Wher 
pipes avo of considerable longth, wand Che water is 
supplied from a reservoir ab one end, ho tyolination, 
found as above, aud the hydraulic inclination, may he 
taken cual to each other without sensible error; bub 
for shorter pipes, of say up to 100 feot Tony, or even 
longor, tho greater number of formulw, as Du Buit’s 
and others, do not direetly apply ; and ib is necessary 
to take into consideration the head duo to the orifico 
of entry, the velocity in tho tubo, and also to. the 
impulse of supply whon there avo junetions, ‘These 
separate cloments, and their effects, will bo considered 
in the following pages; but ié will be of uso lo refer 
here to some late oxporiments, and the imperfect 
application of formule to them, fivsb promising that 
a pipe may be horizontal, or even turn agnoareds, and 
yet have a considerable hydrautic inclination, 
Mr, Provis’s valuable expovimonta® with T4-inoh 
pipes, from 20 to 100 feet long, have been used ina 
recont work for tho purpose of testing tho uceurney 
of Du Buit’s and somo other formule; but the head 
divided by the length is assumed to be the hydsnulie 
inclination throughout, and no allowance ix made for 
the head duc to the orifice of entry and volovity in 
the pipe. Of course the writer's conclusions are 
erroncous, We havo shown, Srovien L, page 80, 
- how very nearly tho formulw and exporiments agree, 
The formule appear to have beon alsa misuudor- 


* Transactions of tho Justitution of Civil Mnginogrs, Vol UL, 
pp. 201—210, 


1 


INTRODUCTION ‘CO CTHE FHIST RETTION, 


stood by tho surveyor whe experimented for the 
Ceneral Board of Mealth; for the inelination of the 
pipe in itself is usstmed bo bo the hydraulic incline 
tion, and no allowance is mudo for the head dae to 
the impulse of supply. Wo quote from the Cryer 
Bwoweer any Anciurvor’s Journat, Volo NY,, 
page 366, in which it is slated Unt “the chiet results 
ag respect tho house drains avo Uhus deserihed in Ute 
examination of the surveyor appointed do make tho 
trials.”’* 

What quantity of wator would be disehargeat Crouch 
pipo on an inclination of Lin 1802 Rall at the head, it would 
Aischargo 100 pallows in theee minted, dhe pipe being G0 feet in 
longth. ‘Chis is with stoneware pipe mmueietared at Lannbeth, 
‘Chis applios to a pipo voceivings watur only nt this inlet, the water 
not boing higher daw the hen of the pipe. 

“What wator wins thin Sewayewater of tho fall comicteney, 
and it wos dixeharged so complotoly that (he pipo was pertoctly 
clown, 

“AL tho Kamo inclination what would a dineh: pipe liselunygs 
with tho samo distaneos ?—<Ewiew the amon (iat t tort frome 
oxporiment) ; or, in othor words, LO0 patton world be diwehuaryeat 
iv hal€ tho timo, ‘Chis likowino applion to. pipe recedvitg, water 
only at tho inlot, and of not yrontor height Cine the heal, tn 
thoso crson tho soction of the steomn in diminietet at the outlet 
fo about half tho avon of the pip. 

* Bofors thoxo oxporimonta were mae, were there aut various 
hypothotical formuho | proposod for yonoral wart -Yey, 

© Minutes of Information with references to Worker for ihe 
romoval of Soil, Water, or Drainage, Ge, Ga. Pronentedl ta beth 
Vousos of Vavtinnont, 1862, 

t 1tis a mintako to call those formule bypothetiont, ales oo 
fir ox tho hypothonia is founded on tie: 
which wo are nequainted ix fonndit ow exporiments, andl fies 
boon deduced from thom, but those formule are tow ation tOy Dos 
thoticully applied to short tubes without the ieee: 
Jt will bo secon trom Skerion VILL diet the experiments fom 
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“What would dogo formuba have given with a 8-ineh pipe, un 
nt mn jnelination of bin 100? and whatowas the vesntt of you 
oxporimonts with tho S4neh pipote-ho formalas would yive | 
cubic foot, Une retaal experiment gave TUE enbic feet converting 
it into timo, the discharge, uecording to the fornia, compared 
with tho discharge fom by netand praeties, world bo as 2 to 8, 

“Tow would it he widh a -Gineh pipate--Che fimaute wanld 
give about L&T cubie feet per mianto, whereas practice gave ae 
cubic foot por minuto, 

«luke tho caso of a Gineh pipe of tho sume inelination } Cha 
results, recording a Me. Eluvkestay'a foviunla, woulil bo 104 eubie 
foot per minuto; from experimont it was found to be 084 eubic 
feet por minuto, 

«Thon with respect to mining and drninage over a dat surface, 
tho result ef course hecomos of mucle more value, us the difference 
proyod by netuel preetico incronses with the diminntion of the 
inclination ?—Cortauinly, to a yory groat extent, for example, tho 
tables givo only 14-2 cubie feat por minite ax Che discharge from 
8 pipo 6 inches dinmoter, with a fidl of 1 in 800; preetica slows 
that, under tho same conditions, 472 cubic foot will be discharged, 

«Will you givo an oxamplo of (he practionl valve of this whon it 
is roquivad to carry out drainage works aver avery tla xturtive Y 
An inclination of 2 in 800 gives ouly 14 cubis foot per minuto, 
aceording to theory, while, nevording to notial oxpurhment, mid 
with tho sumo inclination, 47 cubic font are piven, 

«’Phon this diferonco may he converted oither into ae saving of 
wator to offect tho same object, ov inte power of water to romove 
fooulont matior fom bonenth tho sits of amy houses or town ? 
~—It may ha so. 

* And also the powor of small inclinations proporly mamyed? 
—Yos; for oxamplo, if it was voquivod to construed a wator cows 
thet should discharge, avy 200 feat por init, dhe fornia would 
require an inclination of 1 in 6022 inches in 10 foots whores, 
oxporiment has shown that the samo would bo discharod at aa 
inclination of 1 in 200==4 inch in 10 foot, thus offectings a cone 
sidorablo saving in oxcavation, or a smutlor drain would suflica ab 
the groater inclination." 


which tho formulm thoro given wero derived, wore in oyery way 
Grently moro extensive than those nude by the directions of 
tho Bonrd of Health. ‘The formula numed is, substantially, 
Eytehwoin's algcbraically transformed, 
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Wo have extracted and tabulated the results given 
above, in the following ‘lable, and also cight of Che 
experiments made for the Metropolitan Conmuissioners 
of Sewers®; and assuming for the present, with the 
surveyor, examined by the Commissioners, What tho 
inclinations of the pipes and hydric inclinulions of 
the formule aro the same, whieh ts tneorrect, Wo give 
the calculated discharges, found by means of anes 
VIIL and IX., in the last column of the Table, 
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Du Buil's formula, therofore, gives larger results 
than tho exporimonts in the two first eases, beeause 
the water received at ono and only barely fillet it, 
and the pipo was not full ab the lower end; Lut less 
in the others. Tf in theso the head due to the im- 


* Adcock’s Mugincor's Pocket. Book, LM 1) Pp. SUL and 2a, 
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pulse of ontry, ab the upper ond, aad at the sid 
junctions, were knowu, aud tho proper hydvauti 
inclination determined by the experiments, the: for. 
mules would ba found to give turgor upproxintate 
results in every case, as might havo heen expected 
from the sownee-wiber used. Lu the bast eight ex 
porimonts ib is stated, that © the water was aciibled 
ab the head of tha pipe, and at flee jun_tions ar bri. 
buiary pipes on cach side, so regulated as to keep the 
main pipo full,’ and that “without tho addition of 
junctions the transverse seetional area of tho stream 
of water near tho discharging end was redueed to 
one-fifth of the corresponding aren of the pipe, aad 
that it required a simple head of water of’ about 22 
tneohes to give the same result as that aceruing wneder 
the circumstances of the junctions,’ Tt is also stated, 
that “in the case of the 6-inch pipe, which discharged 
75 eubic fect per minute, the Interal strowms had a 
velocity of a few fect por minute,” 

Now, the head of “about 22 inches” is wholly 
neglected in tho foregoing catemlations, dhongh ta 
pipe 100 feet tong 16 wodd be equat to an dnetinadion 
of Lt 85! Tt howevor includes threo elements ab 
least, wiz, the portion duo to the ovifeo of entry, 
the portion duo to the velocity in the pipe, and 
the portion duo to friction, Lek us assume the 
case of the horizontal pipe, which discharged AG cubic 
feet per minute}. This is equal to-n mean velocity of 


* Adcouk’s Engincar's Pocket Book, 1862, pp. 204 mid 202, 
+ The horizontal pipe would disehargo equally at both onds, 
unioss thoro was a head of wator at cithar, or ai equivilont in 
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46D inches por socond; with this velocity, wo fined 
from Lapras VILL, the hydraulic iuelinubion of wv Gelneh 
pipe to be 1 in D4, and, therefore, tho hel dune fo 
friction in a pipo 100 fect long is 12-7 inches, Axe 
suming the coeflictont for tho orifica of entry mul 
velocity to bo ‘815, wo also find from ‘Manta: Ul. 
head of 4} inches due to these, Wo then have, 


Eead duo to the velocity and orilics of 


entry. é ; . . » 4:26 inches 
Head due to tho resistance of friction 1270 ,, 


Radius of pipo . . ; : » OO, 


* ery 


otal. boon 


which is about 2 inches less than the observed heal : 

this, howevor, is not slated definitoly.  /é ts therefore 
evident, that the formula gies, if anything, larger 
results than these emperiments®, as miyht have been 
expected, instead of less in the ratio of 2 ta, ax is 
stated in the Report, 

Wherever junctions are applied, as in the exnmples 
above reforred to, tho formule in gonaral use require 
correction; for the quantity of water then flowing 
below cach junction is increased, A. certain amount 
of crror is, perhaps, inseparable from every caleula- 
tion of this kind; but before wo condemn formula 
deduced from experiment by men every way quali- 


the velocity of approtch, Of course, axnullor pipe with w fll, 
must bo better thin tha larger one with none ab wll, in provontingy 
doposits. 

+ ‘Phis is also teuo of the other fornuhy, tor finding Gee cin 
charge from pipos, givon in (his work, 
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fied for the task, it would be well Quit we should 
learn to mderstand and properly apply them, 

Tho diameter of a short pipe gives: in itsell: the 
means of increasing very cousidernbly the surfaeo 
inclination of the Maid stream, by vadueiug che sec 
tion at the lower end. Tf wo assume a horizontal 
pipo 60 feet long and @ inches i diameter, wo per 
ceive, that if the receiving end be full, and the 
discharging ond one-third full, this inclination 

F 6 — 2 1 ‘ . 
will be goa = 1603 and that the discharging ond 








cannot be kept full unless a hend of several inches 
bo maintained at tho receiving end, or an equivalent 
from a lateral supply. When the pipe is abont two 
diameters long i¢ becomes a short (ubo; and when 
the length vanishes, tho transvorso section hecomes, 
simply, a discharging orifice. 

Wo have beon led into the foregoing remarks, nol 
from any desive to find fault with a Report contain 
ing so much valuable information as tho one veforred 
to, but for the purposo of defending from unmeritod 
reproach, in a Blue Book, tho rescurches in Uiis de- 
partment, of 


“Those doad but scoptred sovorolyns who still rule 
Our scionco from thoir wns—” 


Du Buat, Young, Eytolwein, Prony, and others. 

We do not pretend to any particular wecuriey th 
the sketches scattered throughout the work; thoy are 
only intended to illustrate the text, and were sketched 
while writing it, without farther aim; neither do wo 
pretend to have entered fully into tho principles or 
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practice of hydraulics, our object heins to select, 
construct, and arrange useful hydraulic formule, ex- 
periments, and ‘Tables for the uso of all elisses” of 
engiuecrs, We make, however, no apology for pre. 
ferring foymule, in their simplicity, to wy written 
rules which may bo deduced from them, as hein 
in every way more general, concise, and clowant. 
In conclusion, it is hoped that any errors of cou. 
sequence in the work, will be found corrected in the 
errata, 
Roden Place, Dundali, 
January, 1868, a 
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DISCHARGE OF WATER 
ORIFICES, WHIRS, PIPUS, AND RIVERS. 


SUOIMION I, 
APPLIOATION AND USH OF (MIN TABLES, KORMULA, &o, 


To jind the velocity of a fulling body from the height 
fallen, ov the height fallen from the velocity, 

Roun. — Murtirny mie square Roor or run 
HEIGn IN Nols HY 278, AND THE PROpUCE WILE 
BY win vEnoorry In mNonEs.® ‘To rinp ‘Tin near 
FROM TIE VELOOILY, SQUARE TH) VELOOTY UN) INCHES 
AND DIVIDE "HE SQUARE BY T7231, ram QuotiENy 
WILL BE WUE Tralee IN INaiESs., Seo equition (1). 
Tannu IT, column 1, will give the velocity from the 
height, fonnd in the col of altitudes,’ or the 
height from tho velocity, directly. 

Tixamern L.—-IWhad ts Me velocity acquired by a 
heavy body Julling deh of an inch? Un tho Tihles 
opposite to #th of an inch, found in the colina 
headed “ altitudes 4,” wo tind #829 in column 1, for 
the required velocity, in inches per secon. 

Examrin 2.— What is the velocity acquired by a 

# Tho square root of tha height in feot uiltipliod by Sug 


gives tho volovity por second in feats ad. the niypttre of the 
velocity in foot divided by O41 will give the height in tot, 
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fall of 11 feet 3 inches? Opposite to TL fort 8 
inchos, ag chefore, we find 323-007 inches, for the 
velooity required, 

Examen 8,— What height must a henry body full 
through toacqiire a velovity of AOk feet per xcoond? 
Here 404 fect is eqttal 486 inchos, opposilo to the 
neavesé wunbor to whieh, found in caluma L, we dnd 
95. foot 6 inches for the vequired fall, Tn this ox 
amplo, the nearest mmmber to 486 found in tho Tablo 
is 486-301. Tho difference 301 corresponds, very 
nearly, to Sths of an inch tu altitude, and, Weevefore, 
tho Gue head according to the rule would he 26! 62"; 
but for all practical purposes the difference is im. 
matorial. 

By means of Tazin IL wo cun tind, diveetly, or 
by simple interpolation, tho velocity dud toa all 
heights from yoo part of an inch up to 40 foot, and 
the heights from tho velocities, Wor a greater height 
than 40 fect it may bo divided hy 4, 9, or some 
square number s%, and tho velocity font far the 
quotient, from the Table, multiplied hy 2, 8, or s, 
the square root of the divisor, will give the volovity 
requiretl, 

Tixaurru 4.—What ts the velocity acquired by a 
Saul of 48 feet ? a = 118", the volovity corre 
sponding to which, found from tho ‘Table, is 893-007, 
Hence, 823-007 x 4/4 = 323-007 x Q = C460 = 
53°10014 is the velocity per sceond required, ‘The 
reverse of this example is equally simple, 

Columns 8, 4, 6, 6, 7, 8, 9, 10, 11, and 12 in tho 
Table, give the values of 27h multiplied by tho 
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goaflicionts therein stated. “These column will he 
found of great practical uso in finding the meu 
velocitios in tho vena-contracta, in the. vvifies, und in 
short tubes; and consequently also in Tnding the 
mochuniegl force, as ‘well: as the discharge, An 
oxamination of the coefficients hy tho small Cables 
in Sxorroy LL, and also of those in Tantas T, ant 
V., at tho ond of the work, will show how much thoy 
vary; but thoso most generally usefl, and their 
products by the theorotical velocity dua to ditlerout 
heads, up to 40 foot, avo given in tho columns 
referred to, 

Tixamenn 6,— What ts the discharge from an 
ovifice 4. tnches by 8 inches, he centre sunk 20. fect 
below the surface of a reservoir? Vrom amas U0, 
we find 430-676 inches equal 36-89 feet for tho 


F : 8x, 
theoretical volocity of dischargo : hence, ae Xx 


36-805 x 8589 = 7976 cubic feob por second is 


_ the theoretical discharge, T! the discharges takes 
place through a thin plate, or if tho junor arrises 
noxt the water in the reservoir he perfiadly squcre, 
and the water in flowing oul. does not fl the passnye 
. B80 ag to convert the ovifico into a short tube, the 
coelliciont will ho found from ‘Tanne I. to he 603, 
The true discharge then ts 7976 x “GOR es A-ROD 
cubic fect per second, 

For the determination of Ho coolliciont suited to 
any particular orifice, and tho eiveumstances of its 
position, wo must refer gonerally to the (allowing 
pages. If in the oxamplo just given, the arvises 

Y 
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noxt tio reservoir wore romided into tho form of thy 
conirnctod voin, soo Hig. 4, the cooftteiant wouk 
inerease from *608 to 074 or “AGG, for a passage not 
oxccoding a gouplo of feet in Tengbh, Will the 
formor the discharges woukd ba 77 x QTd = 7-759 
cubic foot, and with the butter 776 x B66 == 7-635 
cubis fect Wo may find from. Cable LL the Tatlor 
results otherwise, With a hod of 20 feeb and the 
coofiiciont 974, the velocity is 41048 inehos = 84957 


9 
feat ; hones, tho discharge is 0 x BA OBT = 7-768 
cubic fect, With a coolliciont of 960, tho velovily 
ig. 411°73 inches = 34:31 feot, and | x Bd Bl = 749d 


cubic foot, Theso results aro the same, practically, 
as those previously fount, 

If tho inner arriges bo square, and tho passage out 
bo from 18 inches to 2 foot long, tho orifices will be 
convorted into a short tubo, the coufficiout for whieh 
is 815. With this cooficiont, and a hend of 20 foot, 
wo find as bofore, from ant TL, tho mewn vologity 
of discharge cquals 361 inches = 20°26 feot; henea, 


tho discharge now is ae 29°26 = 06 onbie feat por 


second, 

The velocities in inches per second, given in Tasuns 
IL and VUL, or elsewhere in the following ayes, may 
be converted into velocities tn feet per minute, by yneul- 


tiplying by 6, equal a 


Exaurin 6—The discharge from a small ovitice 
having its centre placed 10 foet below the sunfuce of a 
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sosorvotr is 18 fect per minute, what will be the lis« 
charge from the same orifice at a depth af VT feet? 
Tho discharges will he to cach other as \/L0 2917, 
oras Li 71%; ov, from ann UL, aa Fs bd008, 
whoneo wp gob tho discharge sought equal L088 x 
18 = 23-4684. cubic foot. . 

Bxampie 7,~What ts the value of the expression 
ey{ 1 ; pac} in equation (45), when cy 2 GLUT, cand 
m=29 Toro wo havo— 

& G17 R807 
“GLT? ~ 8G L938 
whence the first expression becomes equal to 6L7 
(11062)! cqnal, from Tasny TIC, G17 x CGR e 
649, the value sought, Canra: V. contains the values 
of this expression for various valnes of e, and a2, 
which latter, a, stands for tho ratio of the channel 
to an orifico; and wo cun immodintoly find from it, 
opposite 2 in tho first coho, and under the eoolli- 
cient ‘617 in tho sixth column, U4) the vue soneht, 
When tho head duo to the prossuro, mid to the velocity 
of approach, aro both known, we can determine the 
new coefficient of discharge by the wbove expression, 
and thence the discharge itself, Tho coofliciont suited 
to tho velocity of approach may however be foun 
directly m Tan Ve ‘Tho usual mothods tor Mudinys 
the effects of the velovily of approach, piven hy 
@Aubuisson and othors, are incorrect in principle, 
sco Sromon TY. 

Hxanrenn 8.— What ds the discharge. from an 
orifice 17 inches long and 9 inches deep, having the 
upper edge placed 4. inches below the surface, und the 

os 


re 1082; 
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lower edye 18 inches? ‘Tho expression for the dis. 
2 me Ayi phy 
charge ing x avity x af(t 7 ee : ~( ) Feu 


tion (48), tn whieh we nest Gao de 2 inches 4, = 9 
inches; A= 17 x P= Lh3 square inches; and 270 
found from Lanta LU. = 83-4 inches, We have, also, 
he 4 
ary 
(Ldday! — (addy) = (from Baim LV.) bet. 
Assuming tho cooffiviont of discharge to be ‘617, we 
thon have tho discharge in eubic inches per second 
equal to 


== ‘ddd, and heneo tho value of 


bo 


wy X 163 x Bd4 x OL x Ltd 


bo to 


xX 12760-2 x 88848 = TH58, 


T658 amas ; at, . 
Consequently, {pay = ABTA is tho discharge in cubic 


fect per second. from equation (6), we gob the dis- 
charge equal to 


Fx GLT x 278 x UT x {19d — 4p, 


Bat 188 ~ 43 = 46-872 — 8 from Panny LV, equal 
to 38:872, whonce the discharge is 


; x OLT x QT8 x JT x 88-872 = L186) x UT x 


88'872 = 194°3967 x 38872 = 7657 cubic inches 
= 4374. cubic foct, tho samo as before 

Tb is shown in equation (31), that by using tho 
mean depth for orifices near the surface, the discharge 
will approximate very closely to tho true discharge, 
and that even for woirs the omor will not oxeved 
6 per cent. Tho discharge is then oxpressed by 


2t 


ORTEICES, WHIRS, DIVES, AND RIVETS, 


617 /Iy & Bh KO x TT = (Crom Tanta TL) 60-01 x 
168 = 7651-63 onbie inches = 4427 eubia feel per 
second, ‘he head to the centre of the orifice is 
hero 8} inches, and the depth of tho orifice 8 inches, 
therefore, in equation (1), & = d very nearly; und, 
therefore, this result must be multiplied by +18), ts 
shown in that equation; then 98) x 427 = 478 
cubic fect, which gives a rosult differing from: those 
otherwise found, by a very small quantity, which, 
practically, is of no value, By means of ‘Pauan VI. 
the discharge from rectangular orifices nen the sur- 
faco can be found with very growl facilily, 

We may always find the discharge from an arifice 
near the surface with sufficient accuracy, for practical 
purposes, by taking the head to the centre, in Ue sane 
manner as if’ the orifice were sunk toa considerable 
depth; then by applying the corrcetions giren in eynd 
tion (BL); or Uf the orifice be cireutar, thase yiven in 





, 
equation (28) 5 extreme acouracy, according to the eor- 
rect formula, ts obtainable, 

Tixampnn 9.— What is the discharge fron i eirentar 
orifice 4 inches in diameter, having its centre placed A 
inches below the surfuce, when the caeicient af dive 
charge ts G17? ‘Rho area of tho orifice id ox 4s 
7864 = 12666 squawe inches, ‘The velocity in the 
orifice at the mean depth of 4 inches, with a eo. 
eflicient of 617, is 8431 inches, whence thodiseharge 
is 12-566 x 3431 = 481139 eubia Inches © 2.196 
cubic fect per second, or L497 cubic foot per minute, 
By means of Tasty UX. tho discharge in mbie foot 
per minute can be found yery readily when the velo 
city, 84°31 inches por second, is known, Thus, 
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By applying tho coelliciont found from equation 
(28), which is 992, whon the dopth at the contro is 
twice the radius, as it is in thig oxmnple, we gob 
992 x 1497 = 14:86 for tho correel discharge in 
cubic feet per minute, Horo the difference in tho ° 
results is only 1 in 125. , 

The application of Tanun VIL will enable us to 
find tho discharge from rectangular orifices near the 
surface very quickly, Resuming “Mxamene 8,” tho 
discharge may be found from this Tablo for each foot 
in length of the orifice, as follows. ‘Nhe discharge in 
cubic fect per minute, whon the coelliciont is G17 Lor 
anotch J foot long and 13 inches doep, is 228:328 ; 
and for a notch of 4 inches deep, 88116; therefore, 
the discharge from an orifice 0 inches deep, with the 
upper edgo 4 inches bolow tho snrfaeo, is 293393 — 
38-116 = 185-207 cubic foct per minute, Bub as the 
length of the orifice is 17 inches, this must bo multi- 


' 17 
plied by wh and tho product 262377 is tho dis- 


charge in cubic foot por minute; this is equal to a 
discharge of 4378 cubic feet per second, md agrocs 
with that before fod, This is the simplest way of 
finding the discharge from rectangular orifices near 
the surface, 5 

Exampty 10.—Whaé ts the discharge in cubic feet 
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per minute, from an orifice 2 fect G iuches Jong and 'T 
énches deep, the upper edge being 3 inches below the 
surface, and the voepivient of discharge ‘GI8Y  Wran 
Tante VIL wo find tho discharge froma noteh L foot 
long ‘and 10 inchos deep to be 163368, und for a 
notch 8 ifiches decp, 25°99. ‘Tho difference, or 
128°164, multiplicd by 24, will he the discharge re- 
quired ; viz, 24 x 128-164 = 820-385 cubie fect per 
minuto, 

Pxamwenn 11.— The size of «@ channel is 215 tines 
the size of an orifice, what is the coefficient af dis- 
charge when that for « very large channel in pro- 
portion to the orifice is 028% We find from ‘Tau V, 
the coofficiont to be 645, when the approaching: 
water stffors full contraction, By attending to the 
auxiliary Tablos in tho toxt, we find, for this cause, 
oe = aR 36. We must, therefore, nultiply 
2°75 by 857, which givos 2°36 for the ratio of (he mena 
velocities in the orifice and in the chiunmmol approaching 
it With this now yaluo of tho ratio of the channel to 
tho orifice, wo find, as before, he yao of tho eo. 
efficient from Tani V. to be 661. The vomarks 
throughout the work, with the auxiliary lables, will 
be found of much uso in dolormining the eooMicients 
for different ratios of tho channel to the orifies, 
notch, or weir, and tho corrections suited to each, 
Tf in this oxamplo wo were considoring,—obher 
things being the sume,—tho alteration in the eaelli« 
cient for a noteh, or weir, it would be found from 
the Table, colamn 4, to be -672 instead of -G4s 
found in column 8, for an orifice simk some depth 
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bolow tho surface, For tho corrections suited to mony 
and central vologity, aud tothe nataroof the npprouches, 
wo must refer to the body af Us work aut Lo the 
auxiliary tables thorein at the end of Seertan LY, 

Tixanenn 12.—IVhad ts the discharge over a awely 
50 feet lony ; the ctrounstances of the opnrfiell, crest, 
and approaches, being such thae the coefficient af 
discharge is ‘G17, when the head measured from the 

- water in the wets basin, 6 feet above the crest, is 
1Tk inches? Vante VI will give tho dischargo in 
cubic foot por minuto, over euch foot in length of 
weir, for various depths up to 6 feet. Tt is divided 
into two parts; tho first for “greater vooflicionts,” 
viz. 667 to ‘617; and tho second for “lesser co 
efficients,” viz, ‘G06 to ‘G18. ‘The coafficiont assumed 
being ‘617, we find the discharge over 1 foot in 
length, with a head of 174 inches, to bo 348790 
cubic fect por minuto ; honco the required discharge 
is 50 x 848-799 = 17439-05 eubin fovt, 

The detormination of tho coofiviont suited la the 
civewnstances of the overfill, crest, appronches, and 
approaching section, will be found disonssed. else. 
whoro through this ‘work. ‘Zhe valuable Ealilo de. 
rived from Mr, Blackwell's experiments will also be 
of use; but the heads being taken wt a much greater 
distanee back from the crest than is gonorally usual, 
the cooflicionts talon from it for honds greater than 
5 or 6 inches, will bo found under the be ones for 
heads measured immediately at or about 6 fevt, above 
the crest. For heads measured ow tho erost, the 
small Table of coeflicients in Svovion LLL, applivablo 
to the purpose, will be of use. 
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Fexanprn L8.— Wad ts the mean velacity in a large 
channel, when the maximum velocity dong tlie ecutrad 
line af the suenfitwe dy BL duehes pur sceond 2 "Tit 
VIL. gives 26°80 inches for the veqnived velocity, wud 
for smalley channels 24°86. inches, de arder bo tnd 
the mean‘velocity a6 the surface fvow Ue uiixinum 
central yelocity, the Jatter must bo multiplied hy 
‘914. 

The velocity at the surface is best found by means 
of a floating hollow ball, which just rises oul of the 
water, ‘Che velocity ab given depllr is best found 
by means of tavo hollow balls comected with a link, 
the lower being mado heavier than the upper, aul 
‘both so weighted by the admission of a cortain quin- 
tity of water that they shall float along the current, 
tho upper one being in advance but nearly yertion! 
over the other, The velocity of both will then he 
the velocity ab hall the depth between Chem, The 
velocity at the surface, fond by means of wv single 
ball, being also found, the velocity lost ab the halt 
dopth is had by subtracting the common velocity due 
to the linked balls fvom that of tho single ball at the 
surface, Tho velocity at any given depth is then 
easily found by v simple proportion; but the result 
will bo most accurate when the given depth is newly 
half the distanco between the balls, which distances 
can nevor exceed the depth af the channel, Pitor's 
tuhe, Wollmann's tachometer, the hydrometric pend 
fom, the rheometer, and several other hydrometers, 
have been used for finding tho velovity ; but these 
instruments require certain corrections suited to onch 
separate tustrument, as well as kind of instrimment, 
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and aro not so corroct or simple, for measuring tho 
velocity in open channols, as a ball and linked balls, 

Exaern Ld.— What ts the discharye from c river 
having a surface inclination of \8 inches per mile, ov 
1 in 8620, 40 fect aicle, with neerly vertical hanks, 
and 8 feet deep? "Tho aven is 40 x 8 120 Toot, 
and the border 40 +- 2 x 3 = 46 foot; thovefore tho 

op 

hydraulic mean depth is pig = 261 feo = 2 foot 7-3 
inches*. With this and the inclination wo find from 
Taare VITL. 28:27 + 2-75 x an = 28°87 inches por 
second =: 28-87 x 6 = 144-85 foot por minnto for 
tho mean velocity ; hence wo got 1MM436 x 1205 
17,822 cubic fect por minuto for tho required dis. 
charge. For channels with sloping buts wo havo 
only to divide tho border, which is always known, 
into the arca for tho hydraulic mewn dopth, with 
which, and tho surface inclination, wo ean always 
find the velocity by Tannen VULL, wil theres the 
discharge, Unless the banks of rivers bo protected 
by stono pavement or ofhorwiso, tho slopos will not 
continue pormanont; it is thovefora almost uscloss to 
give tho discharges for channols of particular widths 
and side slopes, When tho mean velocity is ones 
known, the remaining calculations are those of mere 
monswration, and thoy should bo mado soparatoly, 
This example may also bo solved, practically, by 
means of Tannus XT. and XIE A. channel 4.0 x 3 


* For groatey hydvaulic dopths than 144. inchos, the oxtont of 
the Tanrn, divide by 0, and find the corresponding: velocity. 
This multiplied by 8 will be tho voloctty sought. 
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hag tho samo conveying powor as one 70 x 2, Tau 
XI, which lattor, Taprn XI discharges with ful 
of 18 inchos in tho milo, 17,67 feeb; or ahoul one 
per cont, loss than that previously found, a 

Tixampyn 15,—Zhe diameter of « very long pipe is 
It inch, and the rate of inclination, or whole length 
of the pipe divided by the whole fall, is Lin Th; 
what is the discharge in cubic feet per minute? "ha 


TE ger 
hydraulic mean depth, or moan radius, is °° = O76 


inches = i inch, Consequontly wo find from Tasny 
VIIL tho velocity in inches per seeond equal to 
26-00 — 102 x yy == 26-00 — A) = MeHO, Tho 


discharge in cubic foot per minute for a Lg-ineh pipe 


is now found most readily by means of Taman IX,, 


as follows :— 


Tnchos, Cubie feet, 
Foy a volocity of 20:0. tho digoharye in 1897 
n » 4:0 ” » dh 
” ” 8 ” ” “OH 
” yn QB v ” (Hat 


Whence the discharge in cubie feet por minite isn 
1621, 

For short pipes, of 100 or 200 foot in length, and 
under, the height due to the velovity and orifice of 
entry must bo deducted from the whole height to tiud 
the proper hydraulic inclination, und also tho height 
due to bends, curves, cocks, slides, and crogation, 
‘The neglect of these corrections has led somo writers 
into mistakes in applying certain formule, aul in test 


28 THOS DISCHARGE OF WATER FROM 


ing them by exporimontul results ablained with short 
pipes, Wo shall now apply the Cautes to the dotor. 
mination of the discharge from shorb pipes, ind 
compare the resnity with exporimont, referring gence. 
ally to cqnation (168) and tho romarks preceding i¢ 
for a correct and direct solution. 

Fxanvein 106.—~ What is the discharge tn cubie feet 
per minute from a pipe 10 fied lony, with a fill or 
head of 35 inches to the lnwer end, when the diameter 
és Lb inch? Kind also the diseharye fran pipes 80 
fect, 60 feet, 40 feet, and 20 feet, af the sama cddaneter 
and ‘having the same head. 1 the water he admitted 
by a stop-cock at the upper end, the coolliciont 
duo to the orifices of entry will probably be wboub 76 
or less, 815 boing that for a cloar ontry lo a short 
cylindrical tube, ‘Tho approximato inclination is 
a = Lin 343; but as a portion of the fall 
must bo absorbed by tho velocity and orifico of onivy, 
wo may assume for tho present that the inelination 
is 1 in 35, With this inclination and tho moun rattins 
ed inchos, wo find the mean velocity from Taste 
VILL, to bo 38-06 inches. “Now when tho coofficiont 
due to the orifice of entry and volocity is °75, wo 
find from ‘Lanne IL, tho head duo to this veluciby to 
be 3$ inches newly, whenco 35 ~ 8) = 3.18 <= 31-026 


hy v 
inches is the height duo to friction, wud aH he 


equals 1 in 37-9, tho inclination, very nearly, With 
this new inclination we find, as before, from "Lapra 
VIEL, the mean velocity of discharge to be now 26-35 


OMBICHS, WHTRS, PIPES, AND REVERS. 3 
inches ; and by repoating the operation we shall find 
the velocity to nny dogres of acourney im evort- 
anee with the table, and the shorlor the pipe is, the 
Oftener must {6 be repeated. ‘Tho height due fo 3605 
inches talon from ‘Tasne UU, ag before, with a eooti- 
ciont of +760, is 84 = 8125 inches, ‘Uhe corrected 
fall duo to the friction is now 85 — 38126 ss bLeTh, 


1200 Pree sree er 
and SCRI5 equal 1 in 37-6, the corrected inelina- 


tion, With this inclination we find the corrected 
velocity to be now 86°68 inches por second. It is 
not necossary to repeat the operation again, «Phe 
discharge determined from Tanne EX. is as follows s 





Jnches, Gihie thet. 
Tor a volocity af 80-0 tho cliselurye ie FO 
35 a 6-00 rr n “AUK 
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” » “Od ” » “HHO 
” nw MGR ” n oH 


The oxporimontl discharge found by My, Provis wns 
2264. cubic fect per minuto ia ana experiment, wid 
2°286 in another. The discharge from the shorter 
pipes may bo found in a similar manner, and we 
place tho results alongside the experimental ones 
givon in the work referred lo below® in the followin 
short table :— 

» © Dvansnetions of the hustitution of Civil Mayors,” vol, di, 
P. 208.0 “ Mixparimonty au the blow of Water fhromph null 
Pipes.” By W. A. Provis, ‘The small Ciebles in Sieriosa VA, 
anit VILL, of this edition yive nt onee the coeltieiet to he mul: 
tiplied by, /2 yu, Ov BY u, to find the valoity when Uae yatio ef 
the dinmetor to tho loupgth of the pipe ix kuown, ‘Chey will be 
found of great adlvaningo he ealoulating directly the velurity tron 
short pipes, Vor long pipes, soo tho ‘Panne py AQ cad a 
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Tho velocities in tho fourth colunm havo been cal 
culated by the writer from tho observed quantities 
discharged, from which the hoight duo to the oviltes 
of ontry and velocity in columm 6 is dotermined, and 
thence the quantities in the ather columus as whove 
shown, ‘Tho differonees between the oxporinontal 
and calenlated results aro not large, aud had we used 
a lesser coeflictont than °750 (or eatodating tho ve 
duction of heal due to the velovity, stop-covk, and 
orifice of entry, say “715, tho calewlated vowulls, and 
those in all of My, Provis’s oxperimonts hi the work 
reforred to, would be nearly idontical* 
Examprn 17.— Zé ts proposed la supply c rescroair 
near the town of Drogheda with water by a lony pipe, 
_ having an inclination of 1 in 480, the daily supply to 
be 80,000 cubic feet; what must the diameter of 


* Fn Into work, “Rosenrches in Tlydranlics,” tho author is 
lod into a sorios of mistakes as to the necurney of Du Budt’s md 
several other formule, from neglacting: to taco iudo considovation 
tho head dua to the volosity and oviliée of entry whon loxling 
thom by tho oxporimonts abova referred. to, 
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the pipe be? Tho discharge per minile mist die 


at oo = 56* euble foot, newly, | Assume a pipe 
whoao “moan radius” is 1 inch, or dinmeter 
inches, ad the velocity por second found frown Tanne 
VIIL will bo 14-42 inchos. Wo then have tun 


Tasty IX., 





Tuehos, Chibin foot, 
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The discharge from a pipe 4 inches in diameter would 
be therefore 6-287 cubie fect per ininule, We then 
have 

48s 03 526287 266, or Liddy 190 6652 FONG; 
theroforo df = 286, and @ = 9-61 inches, nearly, 1 
may bo found from "TAnrn XILL, &a. This is newly 
tho required diamotor, It is to ho observed that the 
diameters thus found will not always agree oxnelly 
with those found from Du Buil’s ov other formule, 
nor with cach othor, because the discharges are nol 
strictly as 2%; Dut in practico tho diferonce is imma 
terial, and tho approximative value thus found ean 
bo casily corrected. If we assumed a pipe whose 
diameter is 1, the operation would have heen more 
simplo ; for the velocity would thon be, TaAnun VILL. 

at the given Tel Auol Gl inches; and the discharge 
‘175 cubic feet, Tamm IX, Uenco we gel dh 








* THydvantio ables, Wonto, US, pive ak ones thin dise Travers 
for a pipo betweon 0 and 10 inehos dimmoeter, ndso the Tanne, wa 
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56 - 
Ti = 
inches nearly, which dillers about holbarneinel fron 
the fommer value, 9:6 inches, found by asswuining 9 
pipe of 4 inches to ealonlate from, Th Ix Meeosary 
to understand Chat differeut results must be expected, 
in working from practient fornuuiy, for different 
operations. When oneo an approximative value is 
obtained, it can be easily corrected to any required 
degree of accuracy. 

Again the velocity in inchos per second, from a cylin. 
drical pipe 6 inchos in diameter, is nearly eqnal to the 
discharge in eubie foot por niinuto; and as 64 = 88-9, 
wo have 88°2.: @!:: the yolocity in inches per 
second from a 6-inch pipe : the discharge per minute 
from a pipo whoso diameter is @ Tene this pro- 
portion would enable us to find, very nearly, tho 
discharge from tho (ameter and fall ; oy the diameter 
from tho discharge and fall by finding the velocity 
only, duo toa G-inch pipe. Seo Tania pp, 42 and 43, 

Exanpern 18.—Zhe area of a channel is 10 square 

_ Sect, and the border 206 feet the surfeue hes an tn 
clination of 4: inches in a mile; what tis the mean 


velocity of discharge? a = 2427 foot x 2919d. 


320, and, thorefore, ‘Taute XTIT,, @ = 10 


inches is the hydraulic mean depth; and we get 


from able VEIL. 19°08 — ¥22C878 _ y9.03 


“19 = 11:84 inches por second for the required velo- 
city. Though this vdlocity will he fond under the 
true valuo for straight clea channels, it will yet be 
more correct for ordinary river courses, with bends 
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‘and turns, of the dimensions given, Uno the velocity 
found from oquation (114). Par a shraight clear 
channel of these dimensions, Watt fond the nua 
volocity to bo. 18-5 to 14 inches; that iy fo say, 
17 at top, J0 at bottom, and L& in the middle, Our 
formula v = 140 (7 s)b — 11 (@ s)t gives ae LS 
feet, or nearly a mean of these tivo, 

Examern 19.—A_ pipe 6 duches in diameter, WAO3T 
fect in length, has a fill of dd feet s what és the lise 
charge tn cubic feet per minute? Tho inclination is 
14,637 yy 6 
a == 832-7, and moan vadius = 1}. We then 
find from ‘anim VIIL tho velocity equal lo L081 +}. 
‘41 x 48 F 
“oe = 19°81 + 16 = 19-07, or 20 iehes per 
second very newly; and by Tannen TX, the discharge 
in eubie feot por minuto is, as. before found to be, 

13°636. Tho Tasuy, p. 42, gives, by tispertion, Lo-6 
fect. 

Uxanrrn 20.—What ts the velocity of’ discharge 
Jrom a pipe or culvert 4 feet in diameter, having a 


; ; ‘ oy t 
fall of 1. foot to a mile? Horo s = mand? nnd ym 


1 foot. We thon find the velocity of discharge from 
Tasiu VIIL to be 1409 inchos, equal to LL74 fel por 
second, By ¢uloulating fram the diferent formule 
referred to below, wo shall find tho velocities, whien 
rs = 0001894, and 4/79 = 01376, us follows, 


Volasity 

: i du fiw, 

Reduction of Du Buits fornmle . . equation (BL) Ltd 
» Givord’s do, (Gannls with aquatic 

‘ plunis and very slow velocities), (BO) “BE 

we. Prony's do, (Camus) 2 a (88) ExOL 
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Votavity 
€ In fiat, 
Rednation of Prony's formulu (Pipex). equation (0) Lae7 5 
Prony’s do. (Pipers and Cradle). 4, (08) eag 


ws Mytetwoin’s da. (Rivers) oo. ne (HL) R00 
a ‘My telwoin's do, (Rivers) 6. » (UN) L285 
i Hytolwebt's de, (Piper) 6. (8) Atay 
“a Mytolwoit's do. (Pipes)... noe (U0) Leino 
ii Va. Vounp’s da, ye ry CU) L199 
i *)'Auhtisson's da, (lipor) 6, » (LOW) bRB9 
i *D'Anbuisson's do, (Rivera). . n (LUD) bo 


‘Tho writor's do, (Clonr gtraight 

Glmmols will small vologities) n (LTA) 1808 
Woishuel’s da. (Pipas) n CUED) 1985 
* Tho author's, for Pipos and Rivers, L208 


Wo have calculated this oxamplo from the several 
formule abovo referred to, whether for pipes or rivers, 
in order that tho resulls may ho moro readily com. 
pmod, ho formula from which tho volucities and 
tables for tho discharges of rivors are usually cal. 
culated is, for measures in feck, o s ObLT AOS 
This gives the mean velocity, for tho Coregoite ox. 
ample, equal to 1-295 fevt per second. "Thin is the 
game as is found from my gonoral formeda for all 
volocitios; bub tho particular oxpression, o x2 90-17 
/ Ps, is only suited for volocitios of wbont 16 inches 
por second; tho rosulty found from ib for lesser 
volocitics aro too much, aud for higher velocitios too 
littlo, if bonds and curves bo allowed for separately: 
For ordinary practical purposes tho result of Du 
Buat’s gonoval formula, equation (81), muy he safely 
adopted; and we have, avcordingly, preferred rotain- 
ing tho vosults in Taunn VITI. caleulated for our fivat 
edition from it, notwithstanding tho grouler wecuracy 
and simplicity of our own gonoral equation (110 4) 


* Thoso wo formule of D'Aubuigsun'a are, simply, adtupdiona of Hytel- 
wein's and Prony's: 


” 


ORIBIGHS, WHIRS, PIPES, AND RIVERS, Bi) 
for tho velocity in pipes and rivers, viz., » =: 140 (rs)! 
11 (8) % 

Dr. Young’s formula gives losser rosults for rivers 
and large pipes than Du Budt’s, bub thoy are too 
small unlgss when the curves and bonds wre nimerous 
and sudden, Girard’s formula (86) is only suited for 
amnall velociticg in canals containing aquatic plants, 
and it is ontirely inapplicable to rivers or regulur 
channels for convoyanco of water, A knowledge of 
various formule, and their comparative results, ap- 
plied to any particular case, will be found of great 
yaluo to the hydraulic ongincor, and the differonees 
in the results show only an amount of error Uhl may 
be expected in all practical operations, and which he- 
comes of less importance when wo consider thal by 
increasing tho dimensions of a channel avery way, 
by only ono-third, we shall moro than double its dis. 
charging powor, Sco Taprm XIII, 

Exampin 21.— Water flowing down o river rises to 
@ height of 10% inches on a weir 62 fret long; towhat 


height will the same quantity of walter vise, on a weir 
¢ 


similarly edrewnstanced, 120) feet long ? pg, 
nearly, In 'Tasun X. wo find, by inspection, opposite 
to ‘17, the ratio of the lengths, the cooflivient «G44, 
rejecting tho fourth placo of decimals; whence 104 
X 644=6°76 inches, the height roquirod, When the 
height is given in inches it is not nocessary (o tulee out 
the cocflicient to furthor than two places of decimals, 

Eixampir 22,—Zhe head on a weir 220 feet long is 
G inches ; what will the head be on « weir 60 Jeet long, 


similarly circumstanced, the same quantity of' water 
v8 


36 VUE DISCIIARGH OF WATHR FROM 


10 ey 
Jlowing over cach ? oe" O70, As this lies between 


27 and +28, wo find from ‘Tauras OX, tho couficiont 


4.208; honeo 14:26 inches, the head required, 


6 
AQOS™ 
Tanne X, will be found equally applieable in 
finding the head above the puss into weir basing, aud 
above contracted water chunmels, Seo Brovron X, 
Examen 28,—A river channel 40 feet wide and 
45 feet deep ts to be altered anid widened to) feet 
whit must the depth of the new channel be so that the 
surface inclination and tischarge shall remain ur. 
altered? Yn “'Vantm XL, oF EQUALLY DISCIARGING 
REOTANGULAR OUANWEDS,” wo find opposite to 464, 
in tho column of 40 foet widths, 3 in the column of 
70 foot widths, which is the dopth required in Loot, 
Examern 24,—J¢ is necessery to raneater a river 
channel 10 feet wide and L foot deep, by a reetangular 
side cut 10 feet wide 3 whit ueust the depth af the side 
cut be, the surface inclination remaining the sane as 
tn the old channel? Tn Tanta XL wo taut leh foot 
for tho requirod depth, When the width of a channel 
remains constant, tho dischargo varios ass x 
in which 2 is tho depth; and whon the width is very 
largo compared with the depth, the hydraulic mean 
depth + approximates very closely to the depbh 2, and 
thorefore d=} consequently the discharge then 
varies as dx 9%, and when the discharge is given d? 
must vary inversely as ss or more eonovutly cdr must 
vary invorsely, ass‘, when tho width and discharge 
remuin constant, 
In narrow cuts for unvatering, it is prudent to 
make the depth of tho water hel! the width of tho 
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cut vory nearly, when local circumstances will admit 
of theso proportions ; for thon a maxim efeeé will 
be obtained with tho least possible quantity of exen- 
vation; but for rivers and permanent channels tho 
proper relation of the depth to the width must ho 
regulated by the principles referred to in Skoron TX, 

Taste XT, is equally applicable, whether the men- 
sures be talcen in foot, yards, or any other standards 
whatever. 

Exanrrn 26,.—A new river channel ts to have a fill 
of eighteen inches in a mile, and must discharge 18,700 
cubic feet per minute, what shall the dimensions be? 
In Tanz XIL, in the coho of 18 inches per mile, 
we shall find opposite to 18,766, that a primary chan 
nel 70 x 2°125 will be sufficient ; and opposite to 9126 
in Tasty XT, wo shall find the equivalent reelangulir 
channels 60% 2:37; 60K 2°10; 40K BLD; BOX EH ; 
80% 3:96; 256x461; 20x68; 16% 7-20; and Lx 
11:37, to solect from. If the sides shall have wy given 
slopes, the discharge will nob be practionly alfeeted 
as long as tho depth and aren of tho rechugulir 
channel and tho ono with sloping banks remain the 
samo. Sco,Srorion IX, 

TEexanriy 26,—A pipe 100 feet long and 1 ineh in 
diameter has a head of 150 feet over the lower enti, what 
will be the discharging velocity? ore == 020838 
in feet, and s = 16, therefore 7s = 08125. Meneo 
by formulee (119.4) v= 140 x (03126) LL X COS 126) 
= 140 x 1766 — LL x BUG de TO SOG xz 
21:269 feck por socond, If allowance is required 

for the orifice of entry, the velocity is corrected us 
follows. A square orifice of entry has a cooflicient 
of ‘815. ‘the head due lo this coefliciont for a 
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velocity of about 204 fect, or 246 inches, is: about 
10 foot, Tanrm IL—'Lhe heat duo to oo is 
thorefore 150 ~ 10 = 140 feot, and 9 = Line lt; 
xs now becomes 1-4 x 020833 = 02017, Toneo 
ee UO S75 — UL es now becomes U0 x 171 
—11 x 808 nearly, oynal to 23:040 ~ 3388 = 20559 
foot, the velocity for a square junction., 

Jixanprin 27,—A sewer 9 feet tn diameter has a 
full of 2 feet per mile, whet will be the velocity and 
discharge of water as iy through tt when fill? , 


Horor= 2:26 and ¢= v5 at therefore 7s = 10008623, 


(rs)' = 102019 and (rs)! = “OMB § and by formula 
(1194) wo have v = 140 (» sm (" sy = 140 x 
02919 — 11 x 0048 = 40860 — 10428 =< 8-0438 
feet per second, ITenco the dischargo per nite is 
9x “7804 x 8:0438 x GO = O3G2 x 182-6 11,017 
cubic foot nearly, ‘Tho volocity from a oirenlar pipe 
or sewor is howover greatest whon the ciremmloronce 
is open for about 78} degrees ab the top, but tho 
yolocity of sowago matter would not bo equal to that 
of water, It would vary according to tho dilution 
in the sowor, and 60 per cont. should’ be allowed, 
at least, in deduction, unless tho dilution bo vory 
considerable, 

Tho Tanzu for the values of 7 s and », culenlated 
from tho formula (119 4) Sno, VIIL, will pive tho 
velocity at once when 1 s is known, and o ¢ when tho 
velocity is.known, from the latter of which a dofinite 
value of 7 or s can bo fixed upon, when tho other 
may be found, by an oporation of simple division, 

Exaurie 28,— Water ts to be pumped through a 


ONTETONS, WEIS, PIPES, AND RIVERS, an 
pipe 3000 feet long and 2 feet in diwneter, with. 
velocity not exceeding 4 fect per second, what heat 
must be allowed extra for friction in the pipe in 
caleulating horse power? Wo shall find from ow 
Tantn of, the values of the volovity aud product of 
. the hydraulic mean dopth and hydraulic inelinuion, 

given near the conclusion of Sxorion VUL, that for 
a velocity of 4 foot per socond # s=00142, The din 
meter of tho pipe is 2 feet, therefore x = +6, whence 


= oo = 00284, and as the length of the pipe is 


3000 tioeiio got 3000 x 00284 = 8°62 fect, the heat 
required, The ‘Tanne, p, 43, would give 96 feet 
nearly, which corresponds with Du Buit’s formula, 
If the velocity in the pipo was 10 feet instend of 
4 fect per second, then, from our table,2s == 007676, 


and > tS og tn c= 005152, and, therefore, 


h i == 8000 & ‘O1G162 = 46466 Soot, or whout 
six times as much as when the velocity was only 
4 fect por second. Tho great toss of hend urisine 
from pumping at high volocitics, Cram {rietion alone, 
is therefore apparvont, Were the velocity double, or 
8 feet por second, the head would be 80 fect nearly, 
or from the ‘apr, p. 43, 316 feet. 

For velocities of about 21 feot pov seeond, vis 
equal to 100 7's, and for velocities of about 64 fect 
por second, v= 110 7s, Uf 2 bo the length of 2 pipe, 
we would find in tho former caso the heal Ain fool duo 
to friction from the formula = 10, G00 ploy mul 


2 


lv 
in the latter A= TTidds = =ls, 
Tn questions of this kind, however, the diameter of 
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a pipe, @ shonld be used in preference to tho 
hydraulic moan depth, aud as @ ce dea wo shall find in 


tie P : 
tho first caso A= 96 i “= fs; ond in tho second 
ly? 

CASO, k= OIG xls, ae 

tf wo wish to substitute tho fall por milo for tho | 
hydraulie inclination, the first of theso will again 
become A = ae =ls for tho loss por anil; and 
in the second case, 4 = ee = Te fov the logs por 
milo in feot, : : 

If tho velocity wero so low as about L foot per 
second, thon v = 90 77s, and wo should find 
i tet l 
‘= sora = 

If for tho inclination wo substitute tha fall por — 


sie "=x 1s for tho loss 





milo, this will become / = 
por milo in feck, . 
‘Tho logs of hoad varios in the sumo pipe with tho 
volocity, end must be celeulated differently, for small: 
and for high velocities, whou using ¢ha common for. 
mule, Tho asrn near tho ond of Sxomon VITL. will, 


° , VS 
always givo the correct valuo of 7s, and thence se 


In addition to the loss of head arising from frie. 
tion, losses also occur from straight or curved bonds, 
from diaphragms, from junctions, and from tho ori- 
fices of ontyy and discharge; these must bo dator- 
mined separately for cach case, as is shown hereafter, 
and added together and to the loss arising from frie. 
tion, and the sum to tho height the wator is to be 
raised, before the full or total head for dotormining 
the power of. un engine can be accurately known. 
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e ‘ 


Tho Tanne on the next two pages will he fonutl of 
great practical utility in solving all questions con 
nected with water-pipes and sewers discharging fully- 
diluted sewage. In using it we can interpolate, hy 
inspection, for intermediate diameters or inelinbions, 
For groator diameters, divide those given by 4, and 
multiply the corrésponding velocity found in tho 
table by 2, and the corresponding dischargo in the 
table by 82. If tho object be to find the sive 
of the channel, divide greater given velocities hy 2, 
and multiply the diameters or inclinations found from 

tho table by 4; also divide greater discharges by 32, 

and multiply the diameters found from tho table hy 

4, Tho small auxiliary table, p. 43, embodied in the 
- Jarger one, is of great uso in making allowanee for 
tho velocity and orifice of entry in short pipes, before 
’ finding the head due to friction, ‘Tho table also gives 
the dilforent diamoters and inclinations which, taken 
togothor, givo the same velocity or dischuye; wud it 
enables us, from inspection, to select that relation of 
"diameter to declivily which is best suited for other 
engineering aspects of the question. ‘Taken in con 
nexion with Tannus VIIL, XI, XID, and XIIE, this 
table completes the means of finding, hy inspection, 
the dimensions, inclinations, velocities, und discharges 
of every class of water-chumel or sowage-conduit 
required in engineering practice. 

Taste XIV, gives tho comparative values of Hing. 
lish and French measures ; and Tanta XV. gives the 
weight, specific gravity, and ultimate strength and 
elasticity of various materials with which tho ougineer 
has to operate. : 
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GABLE for finding, per nearly, the sdtonity and discharge from Oylindrical Water Pipes or Sewers, when the 
dlanieter and jall are given. Any the four quant ities, fhe velocity, discharge, diameter, or inclfnation 
being given, the others can be jotd in ae TABLE from inspector 


Tho VeLocity mm Inones PeB Second -is given in the frat horizontal Jine for cach inclivation 
or fall; and the Digonance «x Cusic Ferr rer Minure in the next following ono. 


Tai 
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‘a [dinmeter} diameter] diameter| diameter |diometer. dismeter diemeted Aiamoter) diamoter {diam erer 
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SECTION II. 


FORMULZ FOR THE YELOCITY, AND. DISCHARGH, IRC 
ORIFICES, WEIRS, AND NOTCHES.—-COLFFIOIENTS | 
VELOCITY, CONTRACTION, AND DISCHARGE.—PRAOTIO, 
REMARKS ON THE USE OF THE VORMULA, 


The quantity of water discharged in a given tim 
through an aperture of a given area in the side c 
bottom of a vessel, is modified by different circun 
stances, and varies more or less with the form, pos: 
tion, and depth of the orifice; but the discharge ma; 
be easily found, when we have determined the velocit; 
and the contraction of the fluid vein. 


VELOOITY. 


If g be the velocity acquired by a heavy boty 
falling from a state of rest for one second, in vacuo, 
then it has been shown by writers on mechanics, that 
the velocity » per second acquired by falling from a 
height A, willbe 
(1) v= VIgh. h 
The numerical value of g varies with the latitude ; we 
shall assume 2 g = 772'84 inches = 64'403 feet, 
These will give for measures in inches, 

v= 278 /7,* and h = THE = "0012980", 
and for measures in feet, , 


* The velocities for different heights ave given in the column 
number 1, Tapie II, 
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Th. h—-: —) Q a 
v = 8025 Wh, and h = Gqajqg = 01653 o% 


If v be in fect, and # in inches, then 





OONFFICIUNG OF VELOOILY, 


Lot the vessel A 3 op, Fig. 1, bo filled with water 
to the level zr: then it hag been found, by experi- 








Ay 














LZ 


mont, that the velocity of discharge through « small: 
orifice o, in a thin plato, at tho distance of half tho 
diamoter outside it, in tho vena-contracta, will bo vory 
nearly that due to a heavy body falling freely from 
the height ”, of tho surface of the water ur, above 
the centro of tho orifice, ‘The volocily of discharge 


* ‘Cho forco of gravity incronses with (ho latitude, and decronges 
with tho altitude abovo tho loyal of tho sea, but not to any eon 
siderublo oxtent. Tf A bo the latitude, and & the altitudo, in fot, 
abovo tho mean sou lovel, thon wo may, gonorally, taka 

, Qh 
me HOH ~~ 020 eog § reread 
g = 8OL7 (L—~ “0020 cos 2) x (1—*4), 
_ in which x, tho tadius of tho earth at tho given latitude is equal 


to 
20887600 (1 -+ "0010 cox 2d), 
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determined by tho equation » = /2 yA, for Salli 
bodies, is, therefore, called the “theoretical velucity 
I? we now put », for tho actual mean velocity of di 
charge in the vena-contracte, and ¢, for its rntio 
the theoretical velocity v, wo shall get vy ev; at 
by substituting for a, its value /2g 4, 
(2) mye /d yh, 
c, is termed “the coefficient of velocity ,” its numeric: 
value, at about half the diameter from tho orilice, 
about ‘974; and, consequently, 
my = OTL TG K, 
This for measures in inches becomes 
: vy = ATOTT Ah, 
and for measures in feet 
Mm 1816 Ah. 
The orifice 0, is termed an horizontal orifice in Vig 
A, and in Fig 2 a vertical or lateral oritice, Whe 





* Tho yelocitios for diforont hoights caloulutod from’ thi 
formula, aro givon in tho column numbered 2, Panne tt, Ui ha 
boon lattorly assorted in a Blue Hook that theavottully vy 
JQ yh. Tt is not nocossary horo to combat this ovror, whiet 
confounds the discharge with its velocity, and a single protien 
fact, applicable only to a thin plato, with w theoretical priteiplo 
The oxperimental; discharge approximatay to § / Ry hb anultiplics 
by the arca of tho, orifico; hut (ho theorotical volocity Wy 4 
always approximates to tho oxporimontal volocity, ov 074 / 2 y by 
obtained immediately ontsido tho orifice in tho vena-contravta, IL 
would be unnecossary to allude to this thoory hore if it ware not 
supported and put forward by throo eminont. ongineors whose 
authority may mislead othors, «Vide p. 4. Briof ohvervations of 
Messrs, Bidder, Hawksley, and Bazalgette on tho amywors of tho 
Government Referees on tho Mernovorwray Main Drainaas, or 
dered by the House of Commons to bo printod-L8th July, 1888, 
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smull, cach is fowl to haye practiedly tha same 
volocity of discharge, when the contves of the eon- 
Lracted seetions aro ab the same depth, 2, helow the 
surfaces; but when Intoratl orifiens are large, or rathor 
deop, the velocity af the contre is not, even price 
tically, ho mont velocity 5 and in dhiek plates aud 
modified forms of adjutage, tho moun velocities avo 
found to vary. 


VENA-GONTRAQLA AND UONTRACETON, 


Tb has been found that the dinmeter of a column 
issuing from vv civeuhur ovifica tna thin plate, is cone 
tracked to very nearly eight-lonths of Che wholoe 
diamoter ub the distanee of the radius from it, and 
that ot hid distuice the contraction is greatest. ‘Lhe 
ratio of tho diameter of the ovifies to that of the 
conlracted vein, rene-contractd, id nok ways found 
constant hy the sume or dierent ox perimentalists, 


mul, Thorefare, Quit of he) 7 
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Bayer’s value for dhe contraction has bon deter- 
mined an the hypothesis, Ute the velocities af (he 
pacticlos of water ag they approuch the ovitice from 
al ides, aa. invorsoly as the squares of their 
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: F LAs i ale it : . 
distances from its contra; and Ue eulculations mac 
of the discharge from cirenlar, square, und rectum 
gular orifices, on this hypothesis, voineido pratt 
closely with exporimonts. 


FORM OF WW OONTRAGIND VEIN, 


Let orn=d, Fig. 8, bo the diamater of an orifice 
then at the distance Rs = tho contraction is Coun 
to be greatest; we shall agsmme tho eantracted di 
ameter o r = *7864 @ Lf wo suppose the tlic 
column between ox and o7 to ho so redueed, thal 
the curve lines Rv and o 0 shall become aves of civoloy, 
==7 thon it is easy to shay 
} | from the propertios of 
the cirele, think the ime. 
dius go must he equal 
lo P2204 ‘Nhe nan 
volocily in tho oriliea, 
a) OR, is bo Uiwk in the 
vena-contracta, or, a8 LT: Ly and the mouth pices, 
Rro0, Fig.4, in which op = 4 OR, und or 22 TRG x 
© 8, will give for tho volocity of dischiunys nb o 7, the 
vena-contracta, 

% NTA SD GTR THG AA, 

4 in feot very newly. Tn 
spouking of the velo« 
city of discharge from 
orifices in thin plates, 
Wo alyays ussime it 

‘tobe the velocity in 

the vena-conéracta, wd not that in the ovitic itself, 
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which varies with tho ovefliciont of dixvharge, unless 
in Tarte TY, whero the mean velocity in the latter, 
ag roprosonting’ e 472g 4, is also given, 


VONVELOTENES OF CONTRACTION AND DINGIARUH, 


Tf wo put s for the area of tho orifico or, Tig. 8, 
and oc, X A for that of tho contracted seetion at o 2, 
then e, is called the “coefficient of contraction.” ho 
velocity of dischargo a, is equal toe, 672 gh, equa- 
tion (2) Lf we multiply this by the area of tho 
contracted section e, X A, wo sluull gob for the dis. 
charge 

Vomty KO XK A Ly he 

Th is evident A 672 ¢ A would bo tho dischargo if 
there were no contrietion au no change of velocity 
duo to the height A; ¢, x @, is therefore equal to the 
cooffigion of digahurge, Ef wo eull cha latter ey, wo 
slut have tho equation 

(3.) ; Oy may X Gy 

awit hencowo porvoive tht the Seorfietent of discharge” 
ds equal to the procuct of the couffieients af’ velocity 
and contraction, Tn Uw foregoing expression for the 
dischuge p, % mush hoe so taken, tut the velocity ab 
that depth shall bo tho mean velocity in tho orifice a. 
dn fill prismatic aibes thé coefficients of velocity andl 
discharge cre equal to cach other, 


Tha oxpression ¢y a7 8a hes 2h ix tho cootticient 
of the avaa 4, and, consequently, reprasonty the mom velocity in 
tho orifice; the eoofticionl of whieh ia, Uhevefore, equal to ey 
Tho valuos of the velocity a 42 ¢ A, tor ditoront heights and 
cooflicionts, wo giveu in aun U, i 

i 
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MEAN AND OUNTRAT, VELOULTY, 


Tn order to find tho moan velocity of disehur 
from an orifice, ib is, in the first Instances, nocessn 
to determine the volocity due to each point in i 
surface, and the dischargo itself; aflor whieh, & 
mean velocity is found hy sinply dividing tho ar 
of the orifice into tho dischuyge, ‘The velocity dr 
to the height of water at the contre of a cirenta 
square, or rectangular orifice, is neb strictly Ul 
mean velocity, nor is the lattor in these, or otly 
figures, that at the centre of gravity, When, hoy 
ever, an orifice is small in proportion to tts dopth i 
the water, the velocity of offlux determined for th 
centre approaches very closely to bhe mean velocity 
and, indecd, at depths oxccoding four times the dept 
of the orifice, the orror in asstuning the monn veloeit 
to be that at the contre of the ovifiea is so small as t 
be of little or no practical consequenes, und fo 
lesser depths it never oxceeds G per cent Th is, thre 
foro, for greater simplicity, the practice Co determin 
the velocity from the depth A of the eentea af th 
orifice, unless in woirs or volehes ; and the coolli 
cients of discharge and velovily in the following 
pages have been calculated from experiments on this 
assumption, wnless it shall bo otherwise stated, 
DISCHARGES ROUGH ORTHIONS OF DINERIENY FORMS 

£ THIN PLAS, 

The orifices which wo havo to deal with in prielica 
are square, rectangilar, or circular; and sometimes, 
perhaps, triangular or quadrangilur in form, Lt will 
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bo necossiury to givo hero only tho theorotienl ox- 
pressions for tho discharge and velocity for each kind 
of form, but ag tho demonstrations ave unsuited to 
our prosent purposos wo shall omit thom, 


FNAPHZQIDAL ORUATORS WILE WWO HORTZONTAL SIDES. 


Put @ for tho vortieal dopth of an ovifico, 2, Lor the 
altitude of pressure ab top, above the uppor sido, and 
fy, for tho altitude at bottom, above tho lowor side, 
we then got 

ly had, 
Lot us algo represent tho top or npper sido of tho 
onifico A or 6, Tig. 5, by 4, and tho lower or bottom 


+h xl. 


side by 4, and pul h 4 





Wy 8 














Now, whon 4,4, tho trapezoid becomes a paral- 
lologram whose length is Zand depth @ sand putting 
A for tho depth to the coutre of gravity, we get tho 
oquation 


d 


9 = 


hy f oa Ttyew Gg eh. 


The gonoral expression for the discharge, p, through 


a trapoxoidal orifice, a, is thou 
Ww 
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r] 


Aidt 
(A). icavagxt nah —4ak +> =h—h)—S } 


in which ¢, is the coefficient of dischar 20 ie a 


the smaller side is uppermost as at 0, 


iit 
(6) veavI9xs {nat ey eee ae i. 


PARALLELOGRAMIO AND REOLANGULAR ORIDICHS. 


When 2, = 4, = J, the orifice becomes a parallclo- 
gram, or a rectangle, 8, and we have for the discharge 


(6) pea 39 x =H} - ab). 


NOTCHES, 


When the upper sides of the orifices A, B, and o, 
rise to the surface as at A, B,, and 0,, 7 becomes 
nothing, and we get, as A, = d, for the trapezoidal 
notch a, with the larger side up, 


(1) v=aV/Ig x 2 aM, +2q- 1} 

og Vig d (24, 482); 
for the trapezoidal notch, o,, with the smaller sido up, 
(8) Dae 2g x 5a,-2q- »} 
7 | = 2 o/ gd? 24,434), 


the same in form, but not in value, as the preceding 


equation ;: and fbr a parallelogramie or rectangular 
notch B,, 
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Ra bot 
9%) vdaag/tgx- 1a = = = ald” / By. 
g 76 : 


Tt is casy to perceive that the forms of equations (4) 
and (5), and also of equations (7) and (8), aro idon- 
tical, ‘Ihe values for the discharge in equations (6) 
and (9) are equally applicable, whether the form of 
the orifice be a parallelogram or a rectangle, the only 
difference being in the value of the coeflicient of 
discharge, ¢, which becomes slightly modified for 
each form of orifice, 


TRIANQULAR ORIFICES WILL HORIZONTAL BASES, AND 
RECLITANBAL ORIFIONS IN GUNERAL, 
When the length of the lower side, 4=0, the 
orifico becomes a trianglo, pv, Tig, 6, with the baso 
upwards, 











Tn this case, equation (4) becomes 


eve . a— J} 
(10.) v=a/2y x + ale x ht se ~ ai} 
which gives tho dischargo through the triangular 
orifices, D. 
Whion Z, = 0, in equation (6), the alga pecomes a 
triangle, v, with tho baso downwards; in this case, 
we find for the value of the discharge, : 
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3 s_p$ 
(11) D=aV 2g x : 1{it-t x ui}. 


As any triangular orifice whatever can be divided 
into two others by a line of division through onc of 
the angles parallel to the horizon; and as the dis« 
charge from the triangular orifice D or F is the same 
as for any other on the same base and between the 
same parallels, we can easily find, by such a divi- 
sion, the discharge from any triangle not having one 
side parallel to the horizon, and thence the dischargo 
from any rectilineal figure whatever by dividing it 
into triangles. 

If the triangle F be raised so that the base shall be 
on the same level with the upper side of the trian~ 
gular orifice p; if, also, the bases be equal, and also 
the depths, we shall find, by adding equations (10) 
and (11), and making the necessary changes indicated 
by the diagram, 


(12) pag V29X if (i +ht—2 xh Fay} 


for the discharge from @ parallelogram u with ono 
diagonal horizontal. Now this is the same as tho 
discharge from any quadrilateral figure whatever, 
having the same horizontal diagonal, and also having 
the upper and lower angles on the same parallels, or at 
the same depths, as those of the parallelogram. If 
the orifices p, F, and E rise to the surface of tho 
water, as at D,, E,, F,, we shall then have for the dis- 
charge from the notch p,, 


(3) *  paqW/By x 4h, d?; 
which for a right angled triangle becomes 
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pay Wig x Lats 
For the discharge from the notch ¥,, - 
(14) Dea Vig x oh da’: 
and for tho discharge through tho notch 2, 


(15,) Data Bg x2 {182d} oy /2g x OT6AIA 
When the parallelograin », becomes a square / = 2 dd, 
and hence, 
(16,) vata 2g x 97620! x VT mesg lx 84478 P, 
The foregoing equations will enable us to find an 
expression for the discharge from any rectilincal 
orifice whatever, as it can be divided into triangles, 
the discharge from each of which can be determined 
as already shown in the remark following equation 
(11) Tho examples which wo have given will be 
found to comprehend every form of rectilineal ovifico 
which occurs in practice; bub for the greator number 
of orilicos, sunk to any depth bolow the surface, tho 
# Tn tho Civil Mnginoov and Architect's Jounal, L868, p. $70, ié 
is stated that Profoxsor ‘Nhompson, Balfast College, gave at tho 


British Association in Teds for a right angled trianglo, for 
discharges of from 2 to LO cubie feot por minute, the expression 


G17 1, in which a is tho quuntily in cubie feat par minuto, 
and u the head im inches, Now the above equation for a coef 


ciont of 017 becomes, for inch measures, D = 17158 x fy d See 
fo rele: 
0-16 @2; or by multiplying by 60, and dividing by 1728, to 


rodueo tha discharga to foot por minuto, wo got p == ‘817 ai, 
idontienlly the samo as Profossor 'Vhompson dorlyed from his 
oxporimonts. All sections of p triangular noteh avo similar tri- 
angles, and honco the advaniayo of a ‘trimgular-notch-gaugo, 
whore it can bo used, as, probably, the eoofliciont romains constant. 
Protexsor ‘hompson, I beliovo, first drow attention to thia. 
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discharge will be found with suflictent Acouraey liy 
“multiplying tho aren hy tho velocity dno Ww tho 
centre, : 

OIROULAR AND BUMICIROULAR QUTUTORS, 

The discharge through circwlar and sonielvoutay 
orifices in thin plates can only be represented hy 
means of infinite sorics, ob us represent by», the 
sum of the series 





: 6 Lin ” 
f-G Ye. i Cran) Ga hs 
rT 

Be rey eeetaear 


Let us also oo by sy tho stam of the xavies 
18 
wal D5 a7 h +7 rs GG 67 hs 


1180 “4 
+(;: 76 ra 8 i) (eee 5° ? ja to.h 


then the discharge from tho semisirele a, an 7, with 
the diameter upwards and horizontal, is 

(V7) Deg A2Gh X BIALG #8 (9, - 4), 

And the discharge from tho semicirelo 1, with the 
diameter downwards and horizontal, is 

(18) ° Demy S2Gh K BIALG 7 (9, won Sy) 

If we put A for tho avea, wo shall also have for the 
discharge from a circle 11, 
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(19) Det BVA x BAM 
Tn cach of these three equations (U7), (18), and (19), 
Ais tho depth of tho contre of the circumference 
below the surface, and x tho radius, 

Whion the orifices riso to the surfiee, we hive for 
the discharge from a semiciremar notch a, with the 


~ diametor horizontal and ab tho surfaee, 


(20) Dea 2g r xX ORG oo BG eX GLO A; 
when the circunderences of tho semicitelo is ab the 
surface, md bho diametor horizontal, as wl 4, 
(21.) py Ady x Me 1s. 1) psa 27x “TBQA AS 
whon thea horizontal dimneter of the semitirele ts 
uppermost, and ab the depth » below the surface, 
(22,) Dey Z2 gE X URGOT 2 ey 7279 x LL BBE A; 
and whon the eireumforoneo of the entire cirelo is ab 
the surface, as ah tt, 
(23,) ner s7Q7r x BOLT esc sZby7 x MO0LA, 

Th wo desire to redueo equations (20), (21), and 
(22), to obhors in whieh the depth 2 of the contro 
of gravily from the surface is contained, wo lave only 


. F a, ; : ; 
to sithstile foro in eenmbion (20), and we 


shall got, for the discharge from a semicively with the 
diamotor at the surface, 
(24..) pea syh x GTA: 


also, by substituting ne for x in equation (21),,we 


got, for tho discharge from a sentigirela when tho 
cireumforoncoe is ab the surface und the diameter 
horizontal, 

(26.) pee s72gh X MUSA; 
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“and when the horizontal diameter is uppermost, and 


h 
at the depth 7 below the surface » = aa and ° 


(26.) = DS Deh x 9967 A, 

As A stands for the area of the particular orifice 
in each of the preceding expressions for tho dis- 
charge, it.must be taken of double the value, in 
equation (23) for instance where it stands for tho 
area of a circle, that it is in equations (20), (21), or 
(23), where it represents only the area of a semicircle, 


MEAN VELOOITY. 


The mean velocity is easily found by dividing the 
area into the discharge per second given in the pre- 
ceding equations. For instance, the mean velocity 
in the example represented in equation (9), is oqual 


—q WV 2gd, which is had by dividing the area /d 


into the discharge; and in like mannor tho mean 
velocity in equation (28) is 9604. c / 297. 


PRACTICAL REMARKS ON THE DISCHARGE FROM OLROULAR 
ORIFIONS, 


Tt has been shown, equation (19), that, for the 
discharge from a circle, we have 
D=aVIgh x IAs, 
in which 4 is the depth of the centre, a the area, 
and 5, 2) sum of the series 


gt 
i-GIGIE- Gre GAD Er @}: 
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and it has also been shown, equation (23), that, when 
the. circumference touches tho surface, this value 
becomes 

D=aV/2g7 X ‘9004 A. 
Now when / is very large compared with , it is casy 
to percoive that 2s, =1, and henco 
(27.) D=Q/VIhXA. 
As this is the formula commonly used for finding the 
discharge, it is clear, if the coofficient ce, remain con- 
stant, that the result obtained from it for p would be 
too large, The differences, however, for depths 
greatcr than threo times the diameter, or 6 7, are 
practically of no importance; for, by calculating the 
values of the dischargo at different depths, wo shall 
find, when 


(h=r, thatp=a/2gh x 9604; 


hoe, » D=QV 27h x OTB A; 
ha, v=o/ Ugh x 986 a; 
. Y mens 

(28.) han, » D=O/2gh x 980 4; 


jh=2r,,, D=Q/2gh x 0924; 
h=87, 4 D=Q/Igh X 996A; 
had, D=a/2gh x 998A; 





h=6r, 4 D=@/2gh X ‘9991, 


These results show very clearly that, for circular 
orifices, the common expression for the discharge 
oq /2gh x & is abundantly correct for all depths 
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exceeding three times the diameter, and that for 
lesser depths the extreme error cannot exceed four 
per cent, in reduction of the quantity found by this 
formula, We shall show, hereafter, when discussing 
the value of ¢, that from the sinking of the surface, 
and perhaps other causes, the discharge at Icuser 
depths is even larger than that exhibited by tho 
expression ¢4 VA gh X a, the value of the coefliciont 
of discharge, c,, being found to increase as the depths 
h decrease. In fact, the sides of the orifice, the 
rounding of the arrises, and the depth and position 
with reference to the sides-of the vessel, and surface 
of the water, are of far greater practical importance 
than extreme accuracy in the mathematical formula, 


PRACTICAL REMARKS ON THE DISCHARGE FROM RECTANGULAR 
ORIFIORS, 


It has been shown, equation (6), that the discharge 
from rectangular orifices, with two sides parallel to 
the horizon or surface of the water, is expressed by 
the equation ; 

Dees X 26/Fy xl {nt — I}, 
in which Z is the horizontal length of the orifice, A, 
the depth of water on the lower, and 4, the depth on 
the upper, side, As it is desirable in practice to 
change this form into a more simple one, in which 
the height 4 of the centre and depth @ of the orifice 


only shall be included, we then have hy, = h 44 and 
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hA=ho- ¢ By substituting these values of 2, and 
/, in the foregoing ‘equations, and developing -tho 
result: into a sories, tho terms of which, after -the 
third, may bo noglected, and putting a for the area 
id, wo shall find, 

BOS (ha 
(29.) pea /2gh x a{l— sR 7a {very nearly, 
We have therefore for the accurate theoretical dis- 
chargo 





80.) Daa /2g7/ ghx= ~A4 


(h+-4dys — As tay? 
dt ; 


for the approximate diecharge 
se Cy Sigh x a{ l— avail - 
ae for the discharge by the common formula 
Day SIGhXA 
When the head (4) is largo compared ‘with (d) the 
height of tho orifice, cach of tho three last equations 
gives tho same vatue for tho discharge; but as the 
common oxprossion e, 4/2 7h X A is the most simple; 
and as tho greatest possible orror in using it forlesser 
depths does not oxeced six per cent, viz, when the 
orifice rises to the surface and becomes « notch, it is 
evidently that formula best suited for practical pur- 
poses, ‘The following table and equations will show 
more clearly the differences in the results as obtained 
from the true, the approximate, and the common for- 
" mule, applied to “lesser” heads ; and they will also 
explain, to some extent, why “ coeflicients ” deter- 
mined from the common formula, and that used by 
Poncelct and Lesbros, should deerease as the orifice 
approaches the surface. 
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(31.) 77 

1 2 3 
Kes pao /IghX 428A, Dacy/BgGh x D588 A. 
had, ei » X'96934. yy, ” K'OT83 A, 
iat, vo » X ‘979A 4, 5, ” «9815 .A, 
has, yon 9 X985LA 4 yy XK 986d A. 
And y» » ” X9890A, 4 5 ” x I8DGA, 


ha yn XDA y yy KODA, 
ha2d,y yy X99TLA 4 yy XO9THA. 
aes yy X90BBA 4, yy XDDBBAL 
haBd,y y yy X908BL. yy yy yy X 90884, 


h=—)y » 5 X'9991A, 4 4, X'990LA, 


had, yo” ” x 9994.4, » 9 ” x 9904.4, 
haldd,, , 5, X°99994, 4 4 4, X DOOMMA, 
In the foregoing Table the first column contains 
the head at the centre of the orifice expressed in 
parts of its height d; the second contains the values 
of the discharges according to equation (80); and 
the third column contains the approximate values 
determined from equation (29), the results in which 
are something larger than those in column 2, derived ' 
from the correct formula. The numerical coefficients - 
of A, at every depth, are less in both than ono, tho . 
constant coefficient according to the common formula, 
The latter, therefore (as in circular orifices), gives re- 
sulis exceeding the truc ones, but the excess is in- 
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appreciable at greater depths than 2 = 38d, and for 
lesser depths than this the error cannot exceed six 
per cont, It may be useful to remark here, that 
when the orifice rises to the surfaco and becomes 
a notch, che “centre of mean velocity” ts at four-ninths 
of the depth, and the centre of gravity at two-thirds 
of the depth from the surface, The former fraction 
is the square of the latter. 7 


SECTION IIT. 
BXPERIMENTAL RUSULUS AND FORMULA —COLTVIOLENTS. 
OF DISCHARGH. 


We havo heretofore dwelt but very partially on the 
numerical values of the genoral cocflicient of discharge 
cy In order to dotermine its value under different 
circumstinces more particularly, it will be now ne- 
cessary to consider somo of the experiments which 
have beon made from time to time, ‘These do not 
always give the same results, even when conducted 
under tho same circumstances and by the same par- 
ties, and thore appears to oxist a cortain amount of 
error, more or less, inseparable from the subject. ‘The 
experimonts with orifices in thin plates afford the 
most consistont results ; but even here the differences 
aro somotimes greater than might be expected. In, 
many of the carlier experiments the value of the co- 
officient. ¢, comes out too large, which arises, very 
probably, from the orifices experimented with not 
being in thin plates, and partaking, moro or less, of 
the nature of short tubes or mouth-piccos with rounded 
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arises, which, we shall sce, give largor coefficients than 
simple orifices. When an orifice is in the bottom of 
a vessel, it would appear more correct to measure the 
head from the surface to the vena-contracta than from 
the surface to the orifice itself; and as any error in 
measuring the head in any experiment must affect the 
yalne of the coefficient derived from such experiment, 
so as to increase it when the error is to make the head 
less, and vice ver'sd, it appears that heads measured to 
an orifice in the bottom of a vessel, and not to tho 
vena-contracta, must give larger coefficients from tho 
experimental results than, perhaps, the true ones. 
“ The coefficients in the following pages have been al- 
most all arranged and calculated, by the writer, from 
the original experiments, 
In' 1739 Dr. Bryan Robinson made some experi- 
- ments on the discharge through small circular ovi- 
fices, from one-tenth to cight-tenths of an inch in 
diameter, with heads of two and four feet*, which 
* give the following. coefficients, 
a COEFFICIENTS FROM DR. By HOBINSON'A ENPERIMENTS. 


Lt 
iaineh | 3 a a inoh 
diameter, . r. | dlamoter, 


-Heads, 





Qfeat head | 708 |” : "728 
4 feet hend | °708 
€ 





These results are pretty uniform, and the values 
from which they are derived are said to be “means 
taken from five or six experiments)” as values of o, 
they are, however, too high. The apparatus mado 
use of is. not described; but it is probable, from tho 


* * Holsham’s Lectures, » 890. Dtiblin, 1780, 
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‘results, that the plate containing the hole or orifice 
was of some thickness, and that the inner arris was 
slightly: rounded. ‘There is here, however, a very 
- perceptible increase in the coefficients for the smaller 
orifices, but none for the smaller depth. 

Ina paper in the Transactions of the Royal Irish 
Academy, vol. ii, p. 81, read March Ist, 1788, Dr. 
Mathew Young cletermines the value of the coefficient 
for an orifice 1 inch in diameter, with a mean head of 
14. inches, to be 628. The manner in which this 
value is determined is very elegant, viz. by comparing 
the observed with the theoretical time of the water, 
in the vessel, sinking from 16 inches to 12 inches. 

The following experiments by Michelotti, with 
circular orifices from 1 to about 8 inches diameter, 
and with from 6 to 23 feet heads, give for the mean 
value ¢.=='613 ; and for square orifices of from 1 to 
9 square inches in area, at like depths, the mean 
value of c= '628. The experiments are given in 
French fect and inches, according to which standard 
we have, in feet, p=7'77 a hx ¢, ¢ being the. time 
in seconds.* _As the time of discharge in these ex- 


* Tho yaluo of./2 gh, equation (1), for measures in French 
foat, is 777.7 h, nel for measures in French inches, 26-0./h, g 
boing equal to 80-2 foot, or 8624 inches, French measure. One 
French foot is equal to 1:06578 English fect, and the inches 
prosorve tho same proportion. ‘Tho resulting coefficients must be 
the samo, whatever standards wo make our calculations from, 
Many of the most valuable formule and oxperiments in hydraulics ne 
aro givon in Jrench measures of tho old style. As our object," 
however, in the present section, is simply to determine from exe, > 
periment tho relation of the oxperimental to the theoretical - dis- 
charge, it is not necessary to reduce thie experiments* to other 
meagures than those in the original; but the value of the force of” 

‘ RF. 
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periments varies from ton minutes to an hour, and ag 
the depths ave considerable, tho results mst he 
looked upon as pretiy accurate ; aul ik is worthy 
of note that hero the coeliicionts are larger for 
: square than for circular orifices, 

We may remare horo in passing how wniversal the 
coeflicients 613 to 628 aro for wll forms of orifices 
in thin plates, or with tho outside urrises cliunfered, 
Tndeed, we may always use the coollivienl +62 with 
certainty, for practical purposes, for every orifico of 
this kind, whether at the surfuco in the form of a 
notch, or at tho sides or boltow of a vessel, if the 
section of the approaching water ho large i propor. 

‘tion to the area of tho discharging oriliee or uoloh, 

By coefficient wo of course hora ment Uint decimal 
‘which, multiplied by the theoretienl yulue, gives tho 
practical result; and this is substantially the same 
for notches mid orifices sunk below the sarfiee, os 
‘will appoar farthor on, "Thoro appenrs lous, how 
evor, an utter wank of aceuraey te using the eoolli- 
cient ‘62 or thereabouts in gauging for al orifices, 
weirs included, no matter what tho thiekness or form 
of the orifico or crest of a weir may be, ov area 
of the approaching channel, ‘hese will-cause the 
coefficient to vary from ‘6 to L or more, and heneo 
the necessity for endeavouring to reduce this portion 
‘of our subject to rulo, 

e gravity, g, must, of course, ho talon in those meinen will whic 
tlie experiments were mrde, Th the Irenele decinntl, or mada 
style, the metre is equal to 22800 Kngtish feat, ar Maz b inaltes, 
The tenth part of a metro ix the deeimotre, mud the touth part of 

the decimetro } tho centimotro, ws the mumes aply, Pama: 


Xt. contains the weights and muusures in gonornl iw in Groat | 
Britain and Franco, with thoir gonoral ratios to euch other. 


\ 4 
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The experiments made by the Abbé Bossut, con- 
tained in the following table, give the mean value of 
Cy for both circular and square orifices, equal to G16 
nearly; and it-may be perceived that, for the small 
depth in the last experiment, the coefficient riscs so 


high as 649, These-dnd other experiments 


CORFFICIENTS FROM DOSSUT'S EXPERIMENTS. 





































led tho 


reves {of French | ‘hcovottoa! 
Description, position, and size of of tho | oubleal { discharge | Resulting 
| Orifice, fo French Inches, aria notes eet unet conflolenta 
inches, |por mhvute. 

Horizontal and circular, 3” diameter) 2814 37608 “O14 
Horizontal and circular, 1" diameter} 140-832 0281 | 160433 “OLT 
Horizontal and cireular, 2” diameter) 140-992 | 37203 | 601781 “O18 
Horizontal and rectangular, 1”  }"| 140882 | 2093 ATER. “018 
Horizontal and square, 1” XI" ,,] 140-892 | 11817 | 1016-7 017 
Horizontal and square, 2” X 2" ..| 140-892 | 47861 | 700146 O17 
Lateral and circular, 4” diameter ..| 108° 2018 $2033 “O13 
Lateral and oireular, 1” diameter ..| 108: 8136 } 181733 “O17 
Lateral and circular, 3” diameter ..| 4 1853 21055, | +10 
Lateral aud circular, 1” diameter ..} 48° 5136 87822 “G10 
Lateral and circular, 1” diametor ..{ 0-6833} 028 068" OL) 


Abbé to construct a table of the discharges, at dif. 
ferent depths, from ‘a circular orifice-1 inch in dia- 
meter, from which we have determined the following 
table of coefficients. These increase, as the orifice 


COEFFICIENTS DEDUVOED FROM ROSgUT’S EXPRRIMENTS, 


Heads, Heads, 


in feot, | Co°fAcients. in feat, | Coafilcionts, 


Heads, 
in feat. 


Cooficlonts, | 





1 021 
ORL 
“621 
+620 
‘620 


i 
12 
13 
1d 
15 


“010 
‘618 
618 
18 
‘O17 
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approaches the surface, from ‘G17 to -621; and at 
lesser depths than 1 foot other experiments show an 
increase in the coefficient up to °650, The experi. : 
ments of Poncelet and Leshros show, however, a 
reduction in the coeflicients for square orifices 8" x 8” 
as they approach the surface from °G01 to °572, 
Brindley and Smeaton’s experiments, with an orifice 

1 ineh square placed at different depths, give a mean 
COEFFICLENTS QALCULATED FROM BRINDLEY AND SMNEATON’S EXPERIMENTS, 

1 foot hond: orifico 1" x 1": coefficient 680 

2 fect head: orifice 1" x1": coefficient -635 

8 fect head: orifice 1" 1": cocficiont *648 }yenn +687. 

4 fect head: orifice 1" x 1": cocMicient *632 

8 fect head: orifice L’ x 1”: eoefliciont +082 ‘ 

6 fect head: orifico 4” x }": covfliciont 657 
value for c, of 687, Tho last experiment, with an 
orifice only $ inch by 4 inch, gives so small a coefli- 
cient as ‘657 placed at a depth of 6 fect! 

For notches 6 inches wide and from 1 to 64 inches 

deep, Brindley and Smeaton’s exporimehts give the 
mean value of ¢.='037, Tho coellicients of discharge 


COENFIQIENTS VOR NOTONMS, CALCULATED FROM BRINDLEY AND BMEATON'S 
EXPERIMENTS, 








Ratlo of the Alzo of 
Jongth notohes: OooMolents. 
fo the doptt, | in inches. 





Ratio of tho; — izo of 
length notohos 
fo tho dopth. | in nolan. 


02 tol | 6X Of 
1:07 to1 | 9 bg 
22 tol | OX6 
1-02 tol | 8X Sf 
Bk wl] Ox ase 











VooMelonta, 


B7lol | OX Ig +038 
ded LoL Ox Ig OGL 
A8 lo 1 oxi “O8L 
& tol | OXI 718 

Mean yalua, 637 


















* Tho depth is misprinted 2% inches in tho Lncyclopmdins, 
the resulting coefficient for which would be 608 instend of +686 
as ahove, for a depth of 2.4 inches. 


70 THE DISGHARGE OF WATER FROM 


for notches and orifices appear to differ as little from 
each other as those for either doin themselves. ‘Tho 
results also, show a general though not uniform in- 
crease in the coeflicients for smaller depths, 

Du Bnat’s experiments with notches 18-4 inches 
long, give the mean value of cy==°632, which differs 
very little from the-mean value determined from 
Brindley and Smeaton’s experiments. 


GOEFFICIENTS FOR NOTCHES, OALOULATED FROM DU BUAT'S EXPERIMENTS, 





¢|Ratto of tho} Sizo of Ratio of tho — Blzaot |. 
“Tengéh notches | Coeflolents, jj Iongth notches | Goofiletonts. 
tothe depth.) in inchos, tothodopth.| in Inohos, 


B72 tol | 184 xX 6753] 030 576 to 1 | 1841 < 8.100 O21, 


8:04 tol | 184 xX 4-665) 027 10:3 to 1] 184 x L778 “O48 


“'» Poncelet and Lesbros’ experiments give the coofli- 
~ cients in the following table, for notches 8 inches 


QOEFFICIENTS FOR NOTCHES, BY PONOELET AND LESBROS. 


Ratio of the} Sizo of Ratio of tho Size of 
Jonge notches | Coofitolents, Jongtle notshas | Cooftetonte, 
to tho depth. | In inches. fo the depth,| in inches, 


Otol $98 to 1 
1 tol ‘ “B tol 
13 tol : 7 tol 
2 tol 10 tol 
25 tol " 20 tol 





wide; the mean value of all the coefficients in theso 
experiments is ‘603. Here the coefficients increase 
in every instance as the depths decrease, or as the 
ratio of the length of the notch to its depth increases, 
We shall have to refer to the valuable experiments 
made at Metz, on the discharge from differently-pro- 

_ portioned orifices immediately. 

"  Rennie’s experiments for circular ovifices at depths 
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COBFFICIENTS FOR GIRGULAR ORIFICES, FROM RENNIG’S EXPERIMENTS: 


Heads attha | 4 sno Binon’ | inch 1inckh =| Moan 


entre of me] aiametor, | diamoter, | dinmotor, | dinmotor, | — valuion. 





1 O71 08 Ode +033" O15 


+653 ‘621 "652 “O10 086 
660 630 “032, “028 , 639 


*G62 +026 O14 DBL +021 
Means “O01 035 016 635 





from 1 foot to 4 feet, and of diameters from } inch 
to 1 inch, give the following coeficients. Here the 
increase in the coefficients for lesser orifices and at. 
lesser depths exhibits itself very clearly, notwithstand.* 
ing a few instances to the contrary. The mean value 

of the coefficient c, derived from the whole, is °635, 

For small rectilineal orifices the coefficients were as, 


follows :— 


CONEPIGIENTS VOR RECTANGUYAR ORIFIOKS, FROM RENNIL'S EXPERIMENTS, 











Square orifice, 
neh % Linch. 
orifie, longer side 
atx 2, 























1 “O17 “OL 

2 “O35 G36 668 

8 +606 608 606 

4. +608 +593 +608 
Moana 618 “18 +032 





The most valuable series of experiments of which 
we are possessed are those made.at Metz, by Poncelet 
and Lesbros. They were made with orifices 8 
inches wide, nearly, and of different vertical dimen- 
sions placed at various depths-down to 10 feet. The 
discrepancies as to any general law in the relation of 
the different valués of the coefficient of discharge 'e, - 
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to the size and depth of the orifice in the preceding 
experiments, have been remedied'to a great extent by 
these. They give an increase of the coefficients for 
the smaller and very oblong orifices as they approach. 
the surface, and a decrease under the same circum- 
stances iti those for the larger square and oblong 
orifices. There are a few depths where maximum 
and minimum values are obtained: we use the terms 
“maximum and minimum values” for those which 
are greater in the one case and less in the other than 
“the coefficients immediately before and after them, 
and not as being numerically tho greatest or least 
values in the column. We have marked with a *, in 
the arrangement of the coefficients, Tasin L, these 
‘maximum and minimum values. The heads given in 
this table were measured to the upper side of tho 
orifices, and by adding half the depth (d) to any 
particular head,’ we shall obtain the head at tho 
centre, : 
As a perceptible sinking of the surface takes 
place in heads less than from five to three times the 
depth of the orifice, the coefficients are arranged in 
pairs, the first column containing the coefficients for 
heads measured from the still water surface some 
distance back from the orifice, and the second ob- 
tained when the lesser heads, measured directly ut 
the orifice, were used. A very considerable increase 
in the value of the coefficients for very oblong und 
shallow small orifices, may be perceived as they ap- 
proach the surface, and the mean value for all 
rectilinear. orifices at considerable depths, seems 
approach to 605 or ‘606. 


‘ 
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We have shown, equation (29), that the discharge is 
pax [1 ~ gigs} xa VI, 

approximately, in which expression d is the depth of 

« the orifice, and 4 the head at its centre. Now it is 


to be observed, that it is not the value of ‘c, simply, 
which is given in Tanne IL, but the value of c x 


Ui ¥ 
{1 - nih the coefficient of a 4/2 9 h, equation (29). 


The coefficients in the table are, therefore, less than . 
the coefficients of discharge, strictly so called, by a 


¥ 2 
quantity equal tot The value of this expressjon 


is in general very small, and it is easy to perceive 
from the first of the expressions in equation, (31); p. 62, 
that it can never exceed 4-2 per cent.,or more correctly 
‘O417 in unity. If we wish to know the discharge 
from an orifice 4: inches square =‘4" x 4”, with its 
centre 4 fect below the surface, which is equivalent 
to ahead of 8 fect 10 inches at.the upper side, we 
. find from tho table the value of c, {1 - sent = 
G01; hence we shall get 


p= G0Lx aAWdgh = ‘G01 x = x 8095 x 2= 


G01 x <x 16-05 = — x 9-646 = 1-072 
cubic fect per second. In the absence of any expe- 
riments with larger orifices, we must, when they 
occur, use tho coefficients given in this table; and, 
in order to do so with judgment, it is only necessary 
to observe the relations of the sides and heads, For 
example, if the size of an orifice be 16" 4", we must 
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seek for the cocflicient in that column where the ratio 
of sides is as four to ono, and if tho head at the 
upper side be fivo times the length of tho orifice, wo 
shall find the coefficient 826, which in this case is 
the samo for depths measured behind, or at tho 
orifice, For lesser orifices, the results obtained 
from the experiments of Aficheltti wi Bossut, 
pages 67 and 68, are most applicable; and also 
the coefficients of Rennie, pago TL. Tt is almost 
needless to observe, that all these coefficients are 
only applicable to orifices in thin plates, or those 
oy iq) heaving the outside vu 
rises chamfered us 
in Fig. 8 Very lit 
tlo depondence ean he 
J placed on calenlations 
Z| of tw quantities of 
= J water discharged from 
other orifices, unless whore the coefficients have heen 
already obtained by experiment or correct inforeneo 
for them. Jf tho inner artis next the water bo 
rounded, the coefficient will bo inerensecl, 
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We have already given some cocllicients, pages 69 
and 70, derived from tho experiments of Du Built, 
Brindley and Smeaton, and Poncelet and Lesbros, lov 
. finding the discharge over notches in tho sides of 
large vessels; and it does nob appear that thore is 
any difference of importance between these and thoso 
for orifices sunk some dopth below the surface, when 
the proper formula for finding the discharge for ouch 
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is used, If we compare Poncelct and Lesbros’ co- 
allicionta for notches, pago 70, with those for an 
orifico at tho surface, Tanne L, we perecive litle 
practical difference in the results, the head being 
measured back from the orifice, unless in the very 
shallow depths, and where the ratio of the length to 
the depth exceeds five to one, The depths being in 
these examples ess than an inch, it is probable that 
tha larger coefficients found for the orifice at the 
stirface, arise from the upper edge attracting the ” 
fluid to it and lessening the effects of vertical con- 
traction, as woll as from less lateral contraction. Th- 
decd, the results obtained from experiments with 
very shallow weirs, or notches, have not been at 
al uniform, and at small depths the dischargo must 
proportionwbly be more affected by movements of 
the wir and oxternal circumstandes than when the 
depths aro considerablo, Wo shall seo that in Mr, 
Bluckwell’s experiments the coeflicicnt obtained for 
depths of 1 and 2 inches was ‘676 for a thin plate 3 
feot long, while for a thin plate 10 fect long it in- 
creased up bo 805, 

Tho experiments of Castel, with weirs up to about 
$0 inches long, and with variable heads of from 1 to 
8 inches, lead to the coefficient -497 for notches ex- 
tonding over one-fourth of the side of a reservoir ; 
and to the coofficient *664 when they extend for the 
whole width, Ifov lesser widths than one-fourth, the 
coclicionts decrease down to 684; and for those 
extending between one-third of, and the whole width, 
thoy inereaso from ‘600 to +665 and *680,° Bidone 
finds oy == 020, and Lytelwein ¢ = *635, It will be 
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perceived from these and tho foregoing ronulty, that 
the third place of decimals in the value of ey, and 
even sometimes the second, is very uncertain ; that 
the coefficient varies with the herd and ratio of the 
notch to the side in whieh ib is placed ; and we shall 
soon show that the form and sizo of the weir, weir. 
basin, and approaches, still further modify ils valuo, 

When the sides and edge of a notch increase in 
thickness, or are oxtended into a shoot, the cool. 
cients are found to reduce very considernbly ; and 
for small heads, to an exten beyond what tho in- 
crease of resistance, from friction mono, indicates, 
Poncelet and Lesbros found, for orifices, Unt the 
addition of a horizontal shoot, 21 inches long, ve. 
‘duced the coefficient from “604 to ‘GOL, with a head 
of 4 feet; but for a head of only 4% inches, tho 
coefficient fell from 672 to 483, the orilica heing 
8" x 8". For notches 8 inches wide, with a jovi. 
zontal shoot 9 fect 10 inches long, the coulieient fell 
from ‘682 to 479, fora head of 8 inches ; and trom 
“622 to 3840, fora head of only Linch. Castel found 
also, for a notch 8 inches wide with a shoot 8 inches 
cong attached and inclined at an anyle 4° 18%, What tho 
oiean coefliciont for heads from 2 to 44 inches wag 
only 527. Little dependence can bo placed on ox. 
perimental results obtained for shoots which jnurtake 
of the nature of short pipes, and should bo treated 
in like manner to find the dischargo.* 

"We have obtained the following table of coofficients 
from some experiments made by Mr, Bullard, on the 
river Severn, near Worcester, “with n wolr 2 fout 

* Traité Hydraulique, par D’Aubnisson, pp. 4, (4 at, 06. 
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long, formed by a board standing perpendicularly 
across wv trough?" The Acads or depths were here 
measured on the weir, and henes the: couflicients aro 
larger Ghia those found from leads meastred back 
to the surface of Still water, 

Hixperiments made aé Chew-Magna, in Somerset 
shire, by Messrs, Blackwell and Simpson, in L850}, 
give Cho following coollicionts, 


CONE RICTENT DERIVE PROOL CHEE ONES RESTERTH OP TEACKIWELT AND NTAPHOR, 
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* Civil Mayineor md Architect's Journal for 1854, poly 
} Civil Mugineer and Arehiteets dournal for 161, pp. G42 
and (db, 
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“The overfall bar was a castdron plato 2 inches 
thick, with a square top.”. The length of the over. 
‘fall was 10 fect. The heads were measured from 
still ivater at the side of the. reservoir, ‘and, af 
some distance up in it, The aréa“of the reservoir 

‘was 21 statute: perches, of an irregular figure, and 
nearly 4 feet deep on ay average. It was supplied 
from an upper reservoir, by a pipe 2 feet’ in diameter 
and of 19 fect fall; the distance between the supply 
and the weir was about 100 feet, The width ‘of tho 

















reservoir as it approached the overfall was about 50 
feet, and the plan and section, Fig. 9, of the weir 
and overfall in connection with il, will give a fair 
idea of the circumstances attending tho experiments, 
' For heads over 6 inches the velocity of approach to 
the weir was “perceptible to the eye,” though its 
amount was not determined. We perecive that the 
coefficient (derived from two experiments) for a depth 
of 8 inches is ‘802, while the coefficient (derived 
from three experiments) for a depth of 784 inches is 
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‘T17, and for depths from 8 td 8tt inches: the mean 
coeflicient is ‘743 + as all the attendant: circumstances 
appear the.same, these discrepancies and others must 
arise from the circumstances ofthe case: perhaps 
the supply, and, consequently, the velocity of ap- 
proach, was, increased while making one set of ex- 
periments, without affecting the still water near the 
side where the heads appear to hdve been taken. 
By comparing the results with those obtained by one 
of the same experimenters, Mr. Blackwell, on the 
Kennet and Avon Canal, we shall immediately per- 
ceive that the velocity of approach, and every 
circumstance which tends to alter and modify it,, 
has a very important effect on the amount of the 
discharge, and, consequently, on the coefficient. 

The experiments made by Mr. Blackwell, on the 
Kennet and Avon Canal, in 1850*, afford very valuable 
instruction, as the form and width of the crest were 
varied, and brought to agree more closely, with actual 
woirs in rivers than the thin plates, or boards: of 
earlier experimenters, We have calculated and ar- 
ranged the coefficients in the following table from 
these experiments. ‘The variations in the values for 
different widths of crest, other circumstances being 
the same, are very considerable; and the differences 
in the coeflicients, at depths of 5 inches and under, 
for thin plates and crests 2 inches wide, are greater 
than mere friction can account for; and greater also 
than the differences at the samo depths between the 
coefficients for crests 2 inches thick, and 3 feet long, 


* Civil Engincer and Architoct’s Journal, 1851, p. 642. 
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“The plan ond section, Fig. 10, will aie a fair ‘idea 
of He approach %, and nature of the overfall made 


Fig. 10 
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use of in these experiments. The area of the 
reservoir wags 2A, lx, 30r,, and the head was mea- 
sured from the surfaco of the still water, in it, which 
remained unchanged between the beginning and end 
of each experiment, Tho width of the approach as 
from the reservoir was about 32 fect; the width at 
ab ebout 13 fect, bolow which the waterway widened 
suddenly, and again narrowed to the length of the 
overfall. Tho depth in front of the dam appears to 
have been about 3-fect; the depth on the dam, next 
tho overfall, about 2 fect ; and the depth on the sunk 
masonry in the channel of approach, about 18 inches. 
Altogether, the circumstances were such as to in- 
crease the amount of resistances between the reservoir, 
from which the head was measured, and the overfall, 
particularly for the larger heads,.and we accordingly 
@ 
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sce that the eocllicionts become less for hemuls over 
six inches, with a fow> exceptions, Tho mensure- 
ments of tho quantities discharged appear to havo 
been made very accurately, yet the discharges: per 
second, with the same head and same longth of over 
fall, sometimes vary; for instunve, with the plank 
9 inches thick and 10 fect long, tho discharge per 
second for 4 inches head ywies from 6-098 cubic 
feet to 6-491 eubie fect, or by about ono-sixéeenth of 
the whole quantity. Most of the results, however, 
are means from geveral experiments, Tho qruuntities 
discharged varied from one-tenth of a-eubie foot to 
22 cubic fect per second, aud the duration af the 
‘experiments from 24 to 420 seconds, If we compre 
the coefficionts for a plank 10 feet long and 2 inches 
thick in the foregoing table with those for the sume 
overfall at Chew-Magna, wo shall timuodiately por. 
ceive how much the form of the approaches allects 
the discharge, Indeed, were tho area of tho reser 
yoir at Chew-Magna oven target than that for the 
Kennet and Avon experimants, ib would be found, 
notwithstanding, that the cooliveients ia the foruer 
would still continuo the larger, though mot fully 
as large as those found under the partieular cir. 
cumstances, * 


* Thoro is a very important omission’ in all tha preceding 
experiments on weirs aud notches, dia Wig. 10, for iistames, it 
would have been necessary to obtuin the heads ab AB wid ae in 
each experiment, above tho erest, and also the howl on nad a low 
feet above the crest itself, ‘These ave, perhaps, best ealeulated by 
means of tho observed velocity of uppronch, ‘Chey woukd indiuate 
the resistances at the diferent pussages af approach, and enabio vs 
to calculate the cocflicienty correctly, und thereby render them 
more gonerally applicable to practical purposes, “Lhe evellicients 
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The following table gives tho: mean results of 88 
oxporiments’ made by Franeis, at the Lower Lock, 
Lowell, Massachusetts, in 1862. ‘Tho duration of 
each of these experiments varied from 180 to 822 
seconds, ‘The cooflicionts in column 10 have been 
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calculated by ourselvos, and the other results con- 
densed from the large table given in francis Book.* 


in tho two provions tibles avo uot ak valunblo as they othorwiso 
would bo from thid omission, ‘he lovel af still water near the 
banks is below that of Uhe moving water in the emrrent, therefore, 
hoady moasuved from still water attal give larger coolicionts tian 
if takon from the contre of the enrront, ‘his may account, to 
somo extent, for the Layer cooticionts in Ute first table, but apart 
from this, the short contracted chamel immadiately above tho 
waterfall, Pig. 8, mat inerouso tho coollicionts, 
%* Lowoll (ydeuulis Msporimants, New York, 1866. 
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The heads given in tho Gth column wwe those whieh 

would give the obsorved discharge Irour the formula 
‘ tori 

p= . ag) he. 


As we have also equation (39) 
” a 
pa Leyl(ag)® x (Uh hy mh} 


we must, therefore, have 

W=a{at hem Ay | as 
the values of which ave givon in column 6° Cho 
values of 2” in column 8 ave Lhoso which would be 
found by resolving tho equation 

p=o(l+ leh") ns 
» being the number of end contractions, and aa 
multiplier varying from 82 lo dG, 

In this table the theoretical head i = O16 edueto 


“ 


the velocity of approach has been used anid does not 
excced ‘02 of a foot. Wo aro of opinion, howover, 
that the head is much greater, and should be taken 
ye 
= axig= “Od of or thoveabouls, ‘his would redneo 
the values of the coofliciont of discharge ein the LOth 
column, The differences between A, A’, and A" in 
columns 3, 6, and 7 are hove, practically, of lbta 
moment, and the value of ¢ in column LO would bo 
nearly the same derived from either, ‘Tho arest of 
the weir experimented upon was L ineh dhiek, [Phe 
weir measuring 10 fect x 18 inches x 1 ineh, the top 
-Was rounded off at both arvises, leaving the centeal 
horizontal portion one quarter of an inch wide 
The general result of these experiments verifies tho 
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ordinary cocficiont for notehes in thin plates: from 
O17 to +628 for the value of eg. 

Professor ‘Chomsow’s experiments with right 
angled triangular notches, in thin plates, give e mene 
coollicionl of “G17. Vile Noto p, 65, 


HEAD, AND PROM WIENCH MAASURED, 

By reforring lo Tanne TL, we shall see that thero 
ig w difference in the eoeflicionts as oblained: from 
hoads measured ow or above the ovifiee, ‘This dif 
ference is greater in nolches, ov weirs, Chan i orifices 
sunk bolow the surfies; and when the crest of a 
weir is of some with, tho depths upon it vary. In 
tho Kenneé and Avon experiments, the herds men. 
sured fron: the surfiee of the water in the reservoir, 
and the depts ab the “outer edge” (hy which wo 
understand the lower edeo) of Cho erest wore as 
follows :— 

DEUS SOR nk TREAD ADE AME IEE ON AND ATIOVE WIEDHN, 


Handi on aresty Hootie 
8 dnwhon thiek, nrenbo dl teal white, 
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No intermediate heads ave given, but those registered 
point out very clearly the great differences. which 
often exist between the heads measured on a weir, or 
notch, and those measured from the still water above 
it; and how the form of the weir itself, as well as 
the nature of the approaches, alters the depth pass. 
ing over. Ona crest 2 fect wide, with 144 inches 
depth on the upper edge, we have found that the depth 
on the lower edge is reduced to 114 inches, or as 1-26 to 
l. The head taken from 3 to 20 feet above the crest, 
where the plane of the approaching water surface 
becomes curved, is that in general which is best 
suited for finding the discharge by means of the 
common coefficients, but a correct section of tho 
channel and water-line, showing the different depths 
upon and for some distance above the crest, is neces- 
sary in all ckperiments for determining accurately 
by calculation the value of the coefficient of dis- 
charge cy, 

Du Buat, finding the theoretical expression for the 
discharge through an orifice of half the depth h, 


+a phy 
pai Vig xifh (5)'} 
equation (6) 
_ 2 aa —(1 4) 2 oT 
= ih /8gh x {1—(~)"} = 646 x 200 /2gi, 
to agree pretty closely with his experiments, seems 
to have assumed that the head A is reduced to ‘ in - 


passing over. This is a reduction, however, which 
never takes place unless with a wide crest and at its 
lower edge, or where the head A is measured at a 
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considerable distance above the weir, and when a 
loss of head due to the distance and obstructions in 
channel takes place. When there is.a clear weir 
basin immediately above the weir, we havo found 
that, putting ” for the head measured from the sur- 
faco in “the weir basin, and 4, for the depth on the 
upper edge of the weir, that 


(32.) hI = TAA, 
for measures in feet, and 
(33.) h—hy = 48 Ah, 


for measures in inches. The comparative values of 
hand h, depend, however, a good deal on the par- 
ticular ‘circumstances of the case. Dr, Robinson 
found*® A=mL1I1LA,, when 2% was about 6 inches. 
The expressions we have given are founded on the 
hypothesis, that 4— 2, is as the velocity of discharge, 
or as the s/f nearly. or small depths, there is a 
practical difficulty in measuring with sufficient accu- 
racy the relative valucs of 4 and hy.’ Unless: for 
very small heads the sinking will be found in general 

hh 
to vary from us to Z 
bo useful to observe the depths on the weir as well 
ag the heads for some distances (and particularly 
where the widths contract) above it. 

‘Tn order to convey to ow readers a more definite 
idca of the differences between the coefficients for 
heads measured at the weir, or notch, and at some 
distance above it, we ‘shall assumo the difference of 


‘ hy, hy 1l_h~hy 
the heads 2—A, = ; then a eal and po Tg ? 


, aud in practice it will always 





* Proceedings of tho Roynl Irish Academy, vol. iv. p. 212. 
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hence 2 = ait? h, and hy = ——h, 


Now the discharge may be siidsied ag that . 
which would take place through an orifice whoso 
_depth is A, with a head over the upper edge equal to 


h—hy = Me; hence from equation (6) the dischargo 
is equal to 

21/29 X Ca eo 
and substituting for A? its value (ct 
find the value of 
(84) v= oUhy VE GIy x oe { (1+ 1}. 
As the value of the discharge would be expressed by 

= Uy STG Ty X Cy 

if the head A~A,, were neglected, it is evident tho 
coefficient is increased, under the circumstances, 
from ¢4 to 

ax {tz )—G)} 
or, more correctly, the common formula hag to bo 
multiplied by (1 + 1¥-(2)5 to find the true dis- 





1, a we shall 


charge, and the value of this expression for different 
So, 

values of — =n will be found in Taste IV, If. wo 
suppose that 

Teg 1 
=i thet! =79 = Vi 
1 t Poa, 

and we find from the table (1 +) -(3) = 11221, 


hehy = 
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Now if we take the value of ¢, for the full head 4 to 
be 628, we shall find 1-1221 x 628 =-706, rejecting. 
the lattor figures, for the coefficient when the head is 
measured at the orifice ; and if : = a =n, we should 
find in the same manner the new coefficient to be 
12251 x ‘628 = °769 nearly, ‘he inerease of the 
cocficients determined, page 77, from Mr.-Ballard’s 
experiments is, therefore, evident from principle, as 
the heads were taken at the notch; and it is also 
pretty clear that, a erder to determine the true dis- 
_ charge, the heads both on, at, and above a weir should 
be taken, Most of the discrepancies in the coefficients 
determined from experiment have arisen from imper- 
feet and limited observations of the facts. Amongst 
these the velocity of approach should never be 
neglected by observers, as ils effect on the discharge 
is often considerable in increasing the quantity, The 
effect of tho form of tho weir and approaches is 
scarcely over sufficiently considered by professional 
mon, Most of the discussions which arose with 
reference to the gaugings on the Aletropolitan Main 
Dratwwaan Question would have becn obviated if the 
calculators, or engincors, had taken into account the 
different circumstances attendant on it, instead of 
applying: generally a formula suited to a particular 
case, namely, a thin erest, a small notch, and a large 
body of water immediately above it; and. applied a. 
correct formula for finding the effects of the velocity’ 
of approacii. +a . ‘ 
The two following tables have been reduced to 
English measures of fect, from Boileau’s experiments ; 
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they show the relation of the head to the depth on 
the crest at the upper arris, ‘Tho cooliciont for the 
head / being known, we my, from our equation (34), 
calculate that due to A, on tho weir. 


Tapre showing the ratio of the heal, hy to the dopthy, hy, on Plank 
Weir of the full width of the Channel, tnmediatedy at tho upper 


edge, or - soa equation (3), when the sheet of watar is free 
Ww 


ter passing over, with air ander it, 


‘Votuesof tho head hdlylded by tho chlekuens af the ahoot of water 
parsing ovor the welrimmedintoly nt Hho Upparedgor averago i on 4 
= 12 botweon honds of Bani 14 Inches: 7 
Tolght of welt Molght of welt | sTalht of welt 

in foot, nn foot, 1 font, 
"80", 107. INN 
rasa | a Lean 
1282 . 1420 Vaso 
1-200 . Lent 12H 
128k 123 Lean) bebe 
1228 1:23 LQ ‘1208 
1216 1:23 baa PR00- 
1218 1-228 Tate ‘Tran 
L210 baat Vay tT 
1200 Lael ES Thy 
1202 Las La ” 
1-100 . Lao 
1100 ‘ Lis 
L102 an Vee 
1-186 
L184, 
1183 




















If we were to use the head Ay instead of A, to cake 
culate the discharge, whon i. = 12, thon 2 cooflicient 
of °628 for the head & would become ‘709 for the 
head f, in equation (34): for =, wal, Lherefors, 


~ Tape lV, -628 x (1:2)!—(-2)3 = 628 1-961 = 760. 
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Jk ; 
Tanna shoud the ratte jr Mquection (28), when the sheet af woter 
Ww 
passing over is in eontaed with the evest and with the water ine 


mediatily below a Plank Weir, 


h 
Values nt) for AMypent holghts of wolka and for dltterent 
Ww 


Hoads: mean value for heads hoewaen 3 und Td hivhes, aqunt 


Mend hf yp 1385. 
tu feet, 


Tholyht of welr Helge of wole Melght at wolr 


dn sot, mn feot, In fret, 
Lon. qa, 


Tat! 
JH oe 
oe Las pou 
eatin beat TRAIL 
1260 Ja8 daze 
Lint DQah Land 
LQ2hi LQuy bat 
Lea WeRgt fs 
L0H Dei 
te) {enon 
ot) bea 
" bun 














If we were to use tho head Ay instead of 2 bo eal. 


+ h ‘ 
culate the discharge, when ho [-26, thon a coef. 


Ww 


cient of 628 for the haud 2 would heeome °799 for 


: ae il 
tho head ky in equation (4), for » = (265 and, 


thoroforo, the value of e {(1 -+- 2) = (Fannin IV,, 


is G28 x (L26)# — (-25)2 = 628 x 1L8TVB = 700; 
and go on wo may calculate the value of the eoolli- 
dient to Le applied to tha depth Ay on the weir, for 
ay othor ratios between A und 2, by means of 
equation (34), 

Boileau mado sone valuable experiments ub Metz, 
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which were published in 1854. They give the fol- 
lowing results for vertical plank weirs extending from 
side to side of the channel, when the water passed 
over without adhering to the crest :—~ 


Toe etoheanel i foot, ‘Hew abovo, Me 
ED 2 to-16 645 
18 ‘16 to 5 622 
6 “15 to +26 625 


When the water passing over was joined to the crest, 
and no air between the sheet passing over and the 
water below the weir, the experiments gave 


“forgot chaelin foot, Head aber, Ten 
9: 1: tol6 694 
13) ‘6 to 1:8 690 
6 36tol3 , 675 


When the plank weir leant up-stream 4 inches to a 
foot, the mean value of cy was ‘620, the height of 
weir being 15 foot, aud with heads from ‘23 to ‘h 
foot. When its crest was rounded to a somi-cylin- 
der, the coefficient was, with a head of +26 foot, 696, 
and with a head of °52 foot, -843 ; the water adhering 
to the crest, With a head of ‘6 foot the coefliciont 
was “867, and with a head of 85 foot, +840, when tho - 
water passed over without air between it and tho 
water below the crest, The following tables give the 
experimental and reduced coefficients for vertical 
plank weirs of different heights, aud with different 
heads, when the water passes over in a full sheet, and 
also when it is joined to the crest and lower water. Also 
‘ for plank weirs suitable for sluices, leaning up-streant 
with a slope of one-third horizontal to one vertical, 
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Corrrierents of Fertical Plank Weirs at right angles to the Channel, 
when the edge is chamfered at the lower arris, and when the head 
passing over is in contact with the water at and below the Weir; or 
when the water immediately belaw the Weir rises to the crest. The 
mavinun coefficient 733 appears to obtain when the height of 
the Weir is double the depth passing over the crest, 






g Heights of weirs, in feet, over the bottom of the channel, and 
= 43 | corresponding values of the coefficient of discharge cg in the |.2 3 
gé formula y = a x V7 Ig h. ge 
mH | ee f 82" | -o9' | dela | 1-82! | 1-48t | 1-65" | 161’ | 1-08" (Ad 
























Pa eee (ee ate) 
“i Df ol. | ap 


3] 722] ll) fl 
96] van} i. | 










48) 714 |. oe ue , 

46] 709 | .. o oe . ve 

40] -702 | -708 | -715 | 724) «. 

63 } B94 | °699 } -708 | 718) .. ” 

“ : 720 | ., 
“748, 
+729 
“724 





+720 
































The following table gives the result of experiments 
on chamfered plank weirs, for gauging, extending 
across a channel at right angles to it, when the back- 
water below was joined to the head-water at passing 


over, and when there was no air between :— 
Height of weir over the Lie feat feet feet feet fect feet feat feet 


tom ofthe channel below... J°66 83 100 116 182 1:48 E65 2:00 


Heads passing over the weirin ‘ i 
each case, when absorbed at ¢°23 -31 38 4G ‘Sl +60 +66 09 
the erest into the back-water : 


‘which shows that the head was drowned (noyée) when 
the depth of the lower channel below the crest of, the 
weir was less than 2% times the head passing over, 
taking a general average. 
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Tante of Eeperimental Coefficients for Plank Weirs leaning up- 
stream, when the crest has the down-stream arris rounded to a 
quadrant; and when the erest is cylindrical and projecting up- 
stream. in the form of @ knob. 


























Plank wetr leaning up-streams { — plank welr leaning upwards one- 
one-third to one; the lower arrls | third to one,dlicerest eounded ned 
of crest rounded off ta a quadrant projecting in front beyond the 

Heide OF 8 crels, HH erndivis; the ell blank, 80 fs to be thieker than it, 
Wei Vier sco om | Wap aye" | “anaurse | “ath cese 

119 foot thick. cretntek | ato crete 

10 “589 “O51 
“20 “589 672 
28 “DOL 607 
126 012 G07 on . 
+40 633 ‘721 os +670 
33 O42 “TAT 604 686 
86 B40 “768 625 “700 
“80 655 "768 “B48 ‘714. 
“AB “661 “795 669 “27 
+48 “067 “802 “087 ‘TAL 
“40 O75 an 702 “7568 
+53 679 os “16 765 
“56 “085 on “720 776 
59 mn on “41 *780 
“63 Ga cas on ‘758 “705 
“G6 an on “762 802 
09 ve "a a “808 
‘72 . . + 813 











The effect of the form of the crest in increasing 
the coefficients is distinctly observable in this Table, 
although the weirs experimented on overhung the 
water above, between the crest and the bottom of 
the channel, 

We must protest against the notation adopted by 
Boileau and Morin, of giving only two-thirds of the 
coefficient of discharge, c, for weirs, instead of the 
full and true value. The correct formula for the dis- 


charge from a weir is p= ou high. Now they 

assume a coefficient due to an incorrect formula p = 
eee 2 . 

ih /Igh, which reduces c, to 3c to give the same 


final results, This leads also to an unnecessary dis- 
tinction between the coefficients of orifices at the 
surface, or notches, and orifices sunk to some depth, 
which, practically, have the same, or nearly the same, 
general value, 
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‘ 


SBOTION IVe 
‘VARIATIONS IN THD COBFFIOIENTS PROM ‘THE POSTION ov 
SHE ORIFICE—GENERAL AND PARTIAL OONTRAGLION 
VELOCITY OF APPROAGI,—PRAGTIOAL ‘FORMULA! VOR IT 
DISCHARGE OVER WEIRS AND NOCIIES,—onNYRAN ‘AND 
MEAN VELOOITIES. ‘ 


A glance at Tastz I. will show us that tho cocfli- 
cients increase as’ the orifices approach the surface, 
to a certain depth dependent onsghe ratio of the sidos, 
and that this increase increases with the ratio of the 
length to the depth: some experimenters have found 
the inerease to continue uninterrupted for all orifices 
up to the surface, but this seems to hold only for 
depths taken at or near the orifice when it is square 
or nearly so: it has also been found that tho «o- 
efficient increases as the orifice approaches to tho 
sides or bottom of a vessel: as the contraction ° 
becomes imperfect the coefficient increases, ‘I'heso’ 
facts probably arise from the velocity of approuch 
being more direct and concentrated under tho re 

' spective circumstances, ‘The lateral orifices A, 8, ¢, 
D, H, F, G, H, 1, and x, Fig, 11, have coefficients «lif- 
fering more or less from each other. The cooflicient 
for Ais found to be larger than cither of those for 
B,C, E, or D; that for@ or x larger than that 
for wort; that for # larger than that for 1; and 
‘that for r, where the contraction is general, least of 
all. The contraction of the fluid on entering the 
orifice F removed from the bottom and sides ig com- 
plete; it is termed, therefore, “ yeneral contraction ;” 
that at the orifices a, 5, G, 4,1, K, and p, ig inter- 
fered with by the sides; it is therefore incomplete, 
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and. termed “ partial contraction.” The increase in 
the coefficients for the same-sized orifices at the same 
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mean depths may be assumed as proportionate to 
the length of the perimeter at which the contraction 
_is partial, or from which the lateral flow is shut off; 
for example, the increase for the orifice ¢ is to that. 
for nas cd +-de:de; andin the same manner the 
inerease for ¢ is to that for mn ased+de:cd, If 
we put 7 for the ratio of the contracted portion ede 
to the entire perimetor, and, as before, ¢, ‘for ‘the 
coefiicient of general contraction, we shall find ‘the: 
coollicient of partial contraction to be equal to us 
(85.) Cy +09 2 = cy + ‘12 nearly, 
for rectangular orifices, The value of the second 
term ‘09 » is derived from various experiments. If 
we assume ‘G17 for the mean value of ce, we may 
change the expressiou into the form (1 + ‘146 2) c. 
When xz = 4, this becomes 1:036 ¢,; when » = 3, it 
becomes 1:073 c,; and when x = 2, contraction is 
prevented for three-fourths of the perimeter, and the 
coefficient for partial contraction becomes 1:109 e. 
The form which wo have given equation (35) is, 
however, the simplest ; but the value of 2 must not 


exceed 2. If in this case c= ‘617, the coefficient 
pte 
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for partial contraction becomes O17 +00 % 2 
‘617 -+ 067 = 684. Bidono’s exporimonts give for 
the cocfficiont of partial contraction CL -- 162 x) 04 
and Woisbach’s (1 + 1132 2) e. 


VARIATION IN THM COVPITOLENTS FROM CIO HAINOTS oy 
THE YRROOLUY OF APPROAQH, 


Heretofore we havo generally supposed. tho water in 
the vessel to be almost still, its surfico level m- 
changed, and the vessel consequently largo compared 
with the area of the orifice, Whon the walter flows to 
the orifice with a persoptible velocity, the contracted 
vein and the discharge aro both found to bo in 


creased, other circumstances being the sume, Tf the 


- area of the vessel or chammel in front exeecd thirty 


times that of the orifice, tho discharge will nob do’ 
‘perceptibly inereased by tho induced velocity in the 
conduii; but for lesser arcas of the approaching 
channel corrections dito to tho velocity of approach 
become necessary. 6 iy clear that this volucity 
may ariso from cithor a surfieo inelination int tho 
channel, an increase of hen, or wv stnull clunnel of 


Approach, 


Wo get cquation (6) for tho dischargo from a 
rectangular orifice A, Tig, 12, of tho length 2, with a 
head measured from still water 

2 sin F 44 
Da seul/2y x {hi hi h 
in which /, and A, avo monsured to tho surface ab some 
distance back from the orifics, as shown in tho section, 
The water here, however, must move along the channel 


towards the orifice with considerablo volovity, Uta 
be the area of tho orifice, and g tho arca of the 
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channel, wo may supposo with tolorablo accuracy that 


ies eee AR 











; ee Ao <2 ; 
this volocity is equal to gto in which », represonts 


the mean volocity in tho ovifice, TL wo also represent 
by a, the velocity of approach, wo got tho oquation 


A 
(36.) = 0 x Voy 


and consoquontly tho theoretical height (4,) duo to 

it is 

87) h Ay = 01664 in foot monsturos.* 
TOO ky o 

Tho hoight 2, may be considered ag an increase of 

head, converting A, into Ay -- Ay, and 2, into Aye ays 

Tho discharge therefore now becomos 

(8) veal ay {ly + Ig) — Unb iad} 

which, for notches or weirs, is reduced to 


* Whon tho appronching volovity puanos through tho orifies without 


contraction, it id avident that the hod A, vequivod lo produce that 

a 
voloclty, in the orffce with contraction, must bok, = a x yy er 
; AS ow, : 7 
instead of h,, = ur Xa ” in whieh onso oquation (40) boeomos 
Pee ve 
Tn Like mamier wo must have h, Fa iy 
= Jbodin foot monsures whan vis Uo velocity of approuch 
and eg = 017, 

18 
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(39.) > =; cal TG { (I, + I)t — 78} 5* 


as h, then vanishes. Asp is also equa toa X v, 
equation a saad be pas me 


(40.) y= a 
If this value for 4, be eae in equations (38) 
and (39), the resulting equations will be of a high 
order and do not admit of ‘a direct solution; and in 
(88) and (39), as they stand, 4, involves implicitly 
the value of p, which we are seeking for. By find- 
ing at first an approximate value for the velocity of 
approach, the height #, due to it can be easily found, 
equation (37); this height, substituted in equation 
(38) or (89), will give a closer value of p, from 
which again a more correct value of A, can be do- 
termined ; and by repeating the operation the values 
of p and f, can be had to any degree of accuracy. 
In general the values found at the second operation 
will be sufliciently correct for all practical purposes. 

It has been already observed that, for orifices, it is 
advisable to find the discharge from a formula in 
which only one head, that at the centre, is made use 
of; and though Tanrix IV., as we shall show, enables 
us to calculate the discharge with facility from cither 
formula, it will be of use to reduce equation (38) to 


* x ry = 0155 * Bin feet measures, 


* The formule for the discharge over weirs, taking into account 
‘the volocity of approach, p = 2:08 oy l/h + ‘115 v3, givon by 
D'Aubuisson, Traité Hydrauliquo, scconde édition, pp. 78 ot 95, 
and adopted by some English writers and engineers, is incor- 
rect in principle, In feet mensures it becomes D = 5-85 eylh 
Vk + 108404 02, which form,—with altorations in the numorelts 
and measures,—was used for calculating discharges of sowors 
during the Murroroziran Maw Drarnacn discussion. 
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a form in which only the héad (A) at the centre 
is used. The error in so doing can never exceed six 
per cent, even at small depths, equation (31), and 
this is more than balanced by the observed inerease 
in the coefficients for smaller heads, 
The formula for the discharge from an orifice, 1,” 
being the head at the centre, is 
p=a/2ghxKa; 
and when the additional head %, due to the velocity 
of approach is considered, 
p=oy/29 (h-Fh,) XA, 
which may be changed into 
(1.) D=Aa/ Ig hxc (rept 
Tquation (39), for notches, may be also changed to 
the form 
2 ye hyd (hes 
12.) v=pav/ Ig hisxea {(1-4 52) — py 
this is similar in every way to the equation 
oe ht hdd 
(48.) para 7 AX 04 (a4+4)- ( h H 
for the discharge from a rectangular orifice whose 
depth is d, with the head A, at the upper edge. 


? 


Taser ITI, contains the values of (if NM in equation 
h, 2 A = 

(41), and Tasrn IV, the values of +3) -@ i" 

in equation (42), or the similar expression in (43), 


ton being put equal to ; and we perceive that 
‘b 
the effect of the velocity of approach is such as to in- 


h, ae 
crease the. coeflicient from e, to ey {1437 for orifices 
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sunk some. distance below tho surface, mul inte 


f(z Go | 
for weirs 3 Wwhon h, is tho height duo to tho velooity of 
approach, i the depth of tho contro of tho ovifica, 
and fi, the head on the weir, A. fow exuniples, show. 
ing the application of tho formule (41), (42), and 
(43), and the application of ‘Tantus 1, TL, ILL, and 
IV. to them, will be of uso. Wo shall suppose, for 
the present, tho velocity of approach », to bo given, 
and no extra head be required to maintiuin it through 


. ss a 
the orifice: in‘ other worls whon My SCOR 
= ‘017 v? in feot measures nourly. 

Tixanrte I, A rectangular orifice, 12 tnohes wide 
by yy 4 inches deep, has its centre place A fect below the 
surface, and the water approaches the head with a 
- velocity of 28 inches per second ; rhet is the dis. 
charge? For an orifice of tho given proportions, 
and sunk to a dopth nearly four timos its longth, wo 
shall find from Tannin I. 


*o16-[- 037 


a= = G21 nearly. 


As the coaflicient of velocity, oquation (2), for water 
Mowing in a channel is about ‘060, wo shall find, 
column No, 8, Tannu IL tho height Alf 15 
inch nearly, corresponding to tho volocity 28 inches, 
Equation (41), 
p=aV/2ghxey ee 
now becomes 
Dlx 4/ D7 hx 21 ess a 
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We also finds/2 yh = 192-0 inches: when: A= 48 
inches, Vaunu IT; therefore - 
pada x 19-6 x o60t (LEE 
ma de8 W211 OR JED AGS > URL LOLLG, 
(as {10284}'= 10116 from ‘Canney TIT) = 2ddes x . 
698 noarly = 6806-7 cubic inches==3°36 cubie fect 
per second, Or thus: ho valno of -G2L x (10284) 
Deing found equal 628, p=A.x 028572 4x48, Now 
for the coelliciont ‘G28, and #48 inches, Tate IL 
gives us 698/27 x A= 120-06 inches; heneo wo 
gob pel x 4X 120-002 5806-08 cubic inches = 3°36 
cubie feet, the same as before, the difference 38 in 
tho cubic inches being of no practionl valu. If we 


a 
find A, from the formula A, = ene inches, thon 
wo shall ge p81 cubic fect newly, 

Tf the contre of the ovifica were within 1 foot of 
tho surfice, the olfect of tho velocity of approach 
would bo much grewlor ; for then 

4, ae 
ou X {1 + ce == (from ‘Taur 1) 623 (I. te Ha 
= (from Tame JTL) G28 x D047 = 662 instead of 
628, Tn this case the discharge is po 12 x 4 x 062 
Vig x Wale x 4 x 662X963 (from Lanny ID) 
a 12K AK O28 = 8OLd enbie inches = LT: 
cubic fect per second, Or wo may Jind the value of 
662 /2y h divectly trom Tanta LT, Us: 
Tho value of G88 472g % 12 = 6048 +628 
The. value of G66 \727 % 12 = Oded 62 
“BB BGG ry Be BL, 
Heneo 052 /2 yh = 6048 -b LL = 62-79, and the 
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: discharge -_ 1 x4 62" 79 x 3013-92 cubic inches: . 
= 1744 cubic se per second, the same as before, 
Tf wwe take 2, £ gan 6 inches, we shall find » = 
1'833 cubic fect neaaly, , 

Exaserg II. A rectangular notch, T feet long, has 
a head of 8*inches measured at about 4 feet above the 
orifice, and the water approaches the head with 
: velocity of 164 inches per second ; what is the dis. 
charge? For a still head we shall assume ec, = '628 
in this case, and we have from equation ou) 


v= VIgh, x os {(1 +75 hay ~¢ y'} 

As in the last example, we shall a from Tasuy IL 
(f,) the height due to the velocity of approach (164 
inches) to be *= 0-375 inch, assuming the coefliciont 
of velocity to be ‘956. We have, therefore, #, = 
375, hy = 8, == 628, and A = 7 X 12 x 8, or for 
measures in feet Z = 047, hy = * and a= 7 x a 
hence 

D=EXTX = 2g x = x -628{(1-047)"—(-047)4}. 


The value of (1:047)2 — (-047)? will be found from 


Taste TV. equal to 1:0612; the value of WV 7 
will be found from Taszz IE. equal to 6552, viz. ae 
dividing the velocity 78-630, to be found opposite 8 
inches, by 12; weed 


=i TX = x 6552 x 628 X 10612 


=X TX 4368 x “628 x 10612 
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: : 
=3,% 7 x 4368 x ‘666 nearly 


=2 xx 2909 =7 x 1939 te 
== 18-573 cubic fect per second = 814-88 cubic fost 
per minuto, Or thus: From Taste. VI. we ‘find, 
when the coofficient is -628, the discharge. from a 
weir 1 foot long, with a head of 8 inches, to be 
109-731 cubic fect per minute. The discharge for 


a weir 7 fect long, when 7 = ‘047 is therefore 
109:731 x 7 x 10612 = 816:12 cubic feet per 
minute, The difference between this value and that 


before found, 814'38 cubic feet is immaterial, and has 
arisen from not continuing all the products to a sufii- 


2 
cient number of places of decimals. Ifh, =a = 87 
a 
inch, then p = 1451 cubic feet per second nearly, 
Wo have, in equations (36) and (37), pointed out 
the relations between the channel, orifice, velocity of 
arn and ae in the sae viz. 


vw 


ve 
“x Mand A, a HOR ig =; 7in which 4, = = 


=i 
eae for tho present, the coefficient of velocity 
in passing through the aia As v, is the actual 


velocity in the orifice, . must be the tlicoretical 


velocity due to tho head h +h,, and therefore 
2 





ve ve es ty 
hth =—ae—, and hh = 72 — =; hence 
‘a aXxag ax ag 2g? 
1 2 ce 
ba Ll _ OR vas _ eo: 
4 vw =F + cle — PG vw 


-1 


Un X G4 


Fi 
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We have hence 


i : Ay 
(44) ae Tu 


substituting this value in oxquations (41) and (42), 
there results 
ak pas ea 
ee D =A SIGh X ey {1 + oy" 


an ey 





(45.)° yp =a VOGh xX — 





in which m= 5, for tho discharge from an orifice at 
some depth, and for the tacharn from a wer, 


(46.) v= sa 2gly X a {(+; 
The two last equations give the ae whon tho 





ratio of the channel to the orifice ‘ = a is lnwown, 


and also when tho whole quantity of water passing 
through the orifico, that due to the velocity of approach 
as well as that due to the pressure, lees a ee 


tion whose coefficient ts c. When h, = Ly % “ai that 


is' when the velocity of approach », passes. Unvough 
the orifice without contraction, we shall got 
dy a“ 1 


wife, hee PA ae YP 


.  gonsequently, i in this case, equation becomes 


wit il’ 
‘aie squatted (46) in like manner changes into 


(16a) o=5a AGT X04 {(Lp ia) — (ay) 
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Tho last mombers of these two equations are tho 
mo ag tho like membors in. (46) and (46), when 
My within. the brackols = Ll; consequently wo shall 
asily find their valucs for tho cocfliciont 1 in’ the 
ast puge of Lanne V., for tho respaetive valués of 


C , Ae 1 ' 
wane f y for t TN moe ergata 
ness} nul alse hose of he het Whon. 


cel, equation (6 )amay he changed into 
ayh a 


=A Gy 


this is the equation of Danict Bornoulli, and only a 
articular cuso of the ono we hive given, 





Oh oyt 


ee | 
ni wi)? 





‘4 
af 
If wo pub = jy: jp tho values of {1 -/ 


é f 


i a iu 
sy) cl a {4 sf" » respectively, can 


nd of {1 +: ima 
e casily had from TaAunes TO and TY, Wo have, 
owovor, caloulated ante V. for differout ratios of 
10 channel to the ovilce, aut for different values 
( tho coefliciont of discharge, This tablo gives at 


nee tho me of 


4 ‘ eS 
afl +o to} and ey{(1 + iar (yaa | 
gnow eoofficionts, and the corresponding valuo of 


A, of he 
h ' Ay i= ot™ 
ub 


1 Wo 


mde ge WO Ah havo in Myaxieyy TE 


* Whon ‘4 = 





<4 yy? fy 
= LL mid (1 - it) - int ez L103, Waune LY, (ov 
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Tt is equally applicable, therefore, to oquations (41) 
and (42) as to equations (45) aud (46), Tor in. 
stance, we find here at once the valuo of 628 
(047) ~ (047)*} in Uxasprn UL, p. L04, equal 


to ‘666, as fe 047, and the noxt valuo to it for 
‘b 


the coefficient 628, in the tablo, is 046, opposite 
to which we find +666, the new coofliciont sought, 
The sectional area of the channel in this case, os 
appears from the first column, must bo about three 
times that of the weir or notch. 

_ Taste V. is calculated from coefficionts, ¢, in still 
water, which vary from ‘560 to 1. ‘Those from +606 
to °650, and the mean valuc ‘628 aro most suited for 
application in practice, When tho channel is equal 
to the orifice, the supply must equal tho discharge, 
and for open channels, with the mean coclliciont 
‘628, we find, accordingly, from the table, the now 
coefficient 1-002 for weirs; or 1 vory nearly as ib 
should be, Wo also find, in tho samo case, viv. whon 
A= o,and ¢ = ‘628, that for i 
short tubes, Fig. 18, the re- 
sulting new coefficient be- 
comes ‘807. This, as we 
shall afterwards see, agrecs 
very closely with tho experimental resulis. When 
the coefficients in still water aro loss than + 28, or 
tore correctly +62725, the orifice, according to our 





antag 







‘ieee! 


‘ance V. for tho coofficiont 1.) Moneo in thin cnso 028 x 
1188 = ‘712 tho new agers sttited to tho yolovily of 


approach. Tere of course i, = = ay (sou Noto p. 00), 
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ormula, cannot equal the chamol wloss othor re- 
istanees tale place-—-as from frichion in. tubes longer 
han oie and wv half or two dinmeters, or in witle 
restod weirs ; and for greater coalliciouts tho junc 
ion of tha short tuhe with the vessel must he 
ounded, Fig. Ld, on ono or 
nore sides ; aul in woirs or 
otehes the approachos must. 
lope from the crest and ends 
) the bottom and sides, and 
ve overfall bo sucklen, ‘Bho VM nes scr 
mnvorging form of tho approaches must, however, 
tereasd the yolocily of approach; and therefore 


Vid 





: A F 
is greator than |X % when ¢ is measured betwoon 


o mid nro, Mig. 14, to fink the discharge, or now 
efficient of an orifices placad wb 7 a, 

As tho cooflicienty in ‘Masta Vi ae suited for 
feos at the end of short eylindvienl or prismatic 
bes at right angles to the sides or bottom of a 
storn, a corrontion is required whon the junction is 
wided off as ab rove, Vig. 1. When tho chan- 
1 is oqual to tho orifice, the new coefliciont in 
uation (45) becomes 


ea{ “+ 1 “a al : 


0 velocity in the short tube Tig. Mh is to that in 


may X ie a }t 





newly, or 





= 
~ 


rshort tube Tig, 18 as 1 bo ey [; i 


‘a 
‘the moan value ey = 1628, as L bo 807, Now, as 


. Wy eae ’ 
S assumed equal to,” in the cylindrical or pris- 
“ 
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matic tube, Fig. 18, sl os = in the tube Fig, Lt 


with the rounded junction, for % eanteen sii ; hence, 


in order to find the discharge fr om orifices at the ond of 
the short tube, Fig, 14, we have only. to multiply the 


numbers representing the ratio < in the first column, 
Taste V., by ‘807, or more generally by ¢, f=} 
and find the coefficient opposite to the product, 
Thus if ¢q = °628, we find, when 2 = 1 {ra}! 
= 807 in the table. If, agein, we suppose $ 3, 
then 38 x ‘807 = 9-421, the value of “» » for the tbo 


Fig. 14, and opposite this value of 2 % taken in colin 


1, we shall find 651 for the new oscttiofant Por tho 
cylindrical or prismatic tube, Fig, 18, the new cool. ' 
cient would be ey 642, When the head h, is how- - 


the results must be modified 





ever equal to oT. 


accordingly (see Note p. 99).* 


* Professor Rankine ‘gives the valuo of tho coofficiont of dis. 
charge, or contraction, for varying valuos of a'and o ata diaphragm 
ina pipe by the formula 

“618 


“(18x aye 


When 5 = 0, eg 1; ond when = == 1, 0 = ‘618; as it should bo 


very nearly for an orifice in a thin plate, to which only, and to a, in 
the short tube, Tig. 14, the formula is suited (seo Suoxton X), 
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PRAOTIOAL FORMULA FOR THE DISOIARGE OVER WHIRS, 


In order to reduce the preceding formule for. 
weirs‘and notches to some of the forms in common 
use, with definite’ combined numerical coeflicients, 
by sulistituting 8-025 for 2g, equation (39) be- 
comes for feet meagures , 

(A) D635 7 {yh Jad, , 
and. for inch measures, as /2g = 27°8, the dis- 
charge, taken also in cubic feet, becomes 

(B) Dy= 01072 oy 1 { (Joy — fg)? — HA} 

‘When the length @is taken in feet and the depth in 

inches,-we shall have: 

—() ‘Das= 1287 0 1 {Qin )P AF 
The threo last equations being for seconds of time, 
we shall get, when the time is taken in minutes for 
feet measures, the discharge in cubic feet 

(D.) v.82] eg 2 {hy + hth}; 
Yor inch measures 

(E.) D,=°6433 cy 2 { (in +h)? —h.2}; 
ind for lengths (2) in feet and depths in inches 

(B.) Dy T7204 F { (y+ hg)? 1, 8}. 
Che latter equation, when the coefficient of discharge, 
‘ay ia taken at +614 becomes 

DAT {(hs +hji—a5}, and 
(G.) {p= 4-74 223, when the veleaty. of ap- 
, proach vanishes. 

for a coeflicient of 617 
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D, 2 4°76 7 (dukIgh—A8)a and 
(HL) p= 4-76 13 when the- eee of ap- 
proach’ vanishes. : 


- For a coefficient of “623 


p48 {(hy +) Ig 3) and 
() ee ‘81 Z 13 with no o per ceptible approach, 


Hos a coefficient of 628 - 
K D,=4'85 7: {bythe he ao and 
e ) eee ‘85 1 A} with no per epee approach, 


For a coefficient of 648 
L B= {(Inbi)t—hi} ‘and 
hy) i= =65 I h# with no perceptible approach, - 


For a coefficient of 3 or 667. .. 
M. p=5'14 7 {Quy +h)? hs 3} and . 
(o> net ‘141 hé with no perceptible appre 


For a coeflicient of 712 : 
N D, =b5 7 {(dythy)b At} and 
(N.) een 1 h*with no perceptible approach, 
And finally for a coefficient of +81 
D, = 6'3 Uf (hy)? — he Nand 
(0.) p=t9 7 h* whon the velocity of approach 
vanishes, 
The theoretical value of f, in cach of the foregoing 
equations is in terms of the velocity of approach », 
a 
io a9 
in which 2 y must be taken equal to 64'408 for heads 
in feet, and equal to 772:84 for heads in inches. But 
it is evident that in order to produce the velocity 
per second », passing through the notch with 
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nearly’ still-water basin. above. it, thot hy ee bo 


increased; from ‘its theoretical value fits cs —>in 


which expr éssion cq is the ‘coefficient of discharge 
duo to the particular notch, or weit, ,and its attendant 
circumstances ; whenee: we must take 
‘at __ Tiicoretical head 
Gio 9° ot 
Now,, uniguestionably,. the most general coefficient 
xoth for, notches and submerged orifices, in thin 
alates, for gauging, whether triangular, rectangular, 
wy eiveular, is ‘617, when the orifice or notch is small 
rompared with the approaching channel ; whence for 
neaguies in, fect 
hy == 0408 02, and v, = 4:95 Wh. 
“or, measures in inches, 
hy == 0034 v3, and »,=17°2 Ah, 
ind for measures in which », is expressed in He per 
econd, and A, in inches ' 
hy =O v8, ond v, 3:143/h,. 
sy substituting these values of /,, found in terms of 





(P.) ae = 


. 


ie approaching velocity, according to the standards . . ‘ 


sed in tho equations from (A) to (F) inclusive, and ”’ 
lso in equation (x), we shall be enabled to find the 
voper discharge from a notch in a thin plate, The 
uues of /,, equation (P), can be found at once in 
ches from the observed values of ,, to be also taken 
inches, for coefficients varying from ‘584. to ‘974, by 
eans of Tantu II, Thus, with a coeflicient of -617, 
2 shall find, for an approaching velocity of 36 
ches per second, that A, becomes 48 = 4-4 inches 
arly, while for a coefficient of +666, it is only 32= 
: I ; 
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3:8 inches ; and for a coefficient of 1, the theoretical 
head is but 12= 1-7 inches nearly, 

From the very nature of the case the approaching 
velocity must continue nearly unimpaired through 
the notch with but a very slight reduction arising 
from the viscidity of the water when it enterg tho 
aperture, and separates from the lateral fluid. But 
in order to give this unimpaired velocity by means of 
an extra head A,, it is evident that 2, must be in 
creased above the theoretical value by the ‘amount 
due to the coefficient of oe or, as before 


ess This: 

r rh og 29 : 
value of h, is, perhaps, something too largo, owing 
to the reduction of », at the moment it enters the notch 
and is acted upon by the oyerfall, drawing it nvay, 
as it were, from the lateral water above the crest, 

The numerical results of the respective formula 
from (A) to (0), inclusive, can be obtained by motlily- 
ing the -form as in equation (42) into 


vt hg )' 
n=ox (tz) —(f)} 0 
D, = aXGUha/ Tals (+5) —(p)! i 


in which pis the discharge found, When there is no 
velocity of approach, by the common form p= 5-86 x 

e 1h}, for which separate values are given in equa 
tions from (m) to (0) inclusive; and numeriéal values 


in Tanus VI. ; and (a+3 i i ~(Y Ja multiplier 


suited to the velocity of approach, the values of 
~ which can be found from Tazts IV. Suppose, for 


stated, 4, must be increased from 


(Q.) 
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example, p= 1581 cubic feet per minute, 2, — 10 
inches, and A, = 4 inches, which is that due to an 
approaching velocity of 3 feet per second with a 
coefficient of +648; then the multiplier becomes 
‘L4-4)h_ 4% = 14036, Tantus IV. Hence the dis- 
sharge due to an approaching velocity of 8 feet is 
168'L x 1:4035 = 221°9 cubic feet, or an increase of 
vbout 40 per cent. Also, if the common formula 
vero used, it is plain that the coefficient ‘648 should 
ye inéreased to 648 x 1-4035, or to ‘909 nearly, 
vhich approximates within 10 per cent. of the 
theoretical value. Nothing can show more clearly 
he necessity for varying the coeflicients when the 
ndinary formule are used, even for a notch in a thin 
late: for other notches the coefficients, even for 
till water above the crest, vary considerably. 

The form of tho equation used by D’Aubuisson 
nd several other writers is , 

(R.) Ds Ol Vi out ht 
a which o and ¢ are numerical coeflicients, and v, the 
clocity of approach. This form is incorrect in 
rinciple, although the values of o and ¢ can be so 
uken as to give resulting values for D, approximately 
orrect. for fect measures, and time in seconds, 
’rofessor Downing makes, after D’Aubuisson, p, 37 
f his translation, 
voctor Robinson* gives for like measures ‘and time, 
dues varying from 
Dy = 3-65 1/IE E1895 v2 22, to 
D, = BD E AAR 1895 FA? 

* Proceedings Royal Irish Academy, vol. iv. p. 212. +1806 v2 is 
xo times the theoretical Tiged, and too much, 


13 
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Mr, Taylor finds (for the Government Referees, soo 
Report on the Main Drainage of the Metropolis, 
13th July, 1858, p. 32) the discharge in cubic foot 
per minute, when the depth is taken in inches, and 
the length in feet. to be, : 

y= SOLAR BOR ; 
and the Messrs, Hawksley, Bidder, and Bazalgotto 
assume, (p. 33 ébécd,) for like measures, 

D, = 61 IEE 1876 03 13, 
which they consider is in “eacess,” The following 
table, copied and extended from the report just 
referred to, shows the results of the last two 
formule, and of our equations (1) and (1), in which 
the depth, %,, must be taken equal to 10 inches, 
and the length, 7, equal to 1 foot, 










Mean velocities appronching the notoh in feet per second, 
and discharges In oublo foct per minutoy 






Formula, 









o | 5 | 1] 16] 2 | a6 


D, = 547 3 11875 v2 ha 16611) 1586 | 160-5 | 1614 
Equation (1) when the 
‘ead, h,, duo to tho vo- 
ocity, of appronch is 
aken* at only its theo- 
retical value. we 
Equation (1) when the 
head, iz, due to the ve- 
locity of approach is in- 
ereased for the coelli- 
cient of velocity «648 


Equation (x) when the 
























head, hy due to the ve- 
locity of approach is 
taken at only its theo- 
retical value . . 


Equation (x) when the 
head duo to the yelovity 
of approach is inerensed 
for the coefficient of ye- 
looity ‘712 2. . 


D, = ODS iE-p Borie 
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In equations (1) and (ww) we can get, Taste IL, the 
values of the head, /,, due to velocity of approach »,, 
as follows: : 

V,_ == 15, Lo 4b, 2, 25, > 9°05 in foot per socond. 

Teg = O17, “180, +410, 745, 1:10, 1°68; theoretical hond in inchos. 
Then 

Ra = lll, 447, 007, 177, 2-70, 4; fora coaMoiont of 648, 
and 

Jey == 008, 300, = +883, 1647, 220, 3:1; for a coaflteiont of -712. 
Whence as 2, = 10 incltes, we shall have in equa- 
tion (4), , 

Ra 


por “Olt, “045, *1, 18, *88, “45 for n coeMiciont of -048, 


and 
t= 000, 037, 088, “15, 28, 33; for a cooficiont of +712; 
Ast — hy 

il Ni 
becomes of the following respective values suited to 
the above velocities, 

L015, 1060, 1122, 1200, 13, 1408; for n coofllsiont of +648, 
and 
L018, LOL0, 1101, L176, L264, 1-044; for a cooMoioht of +712. 
These Jattor values multiplied in order by the initial 
values of tho discharges, 158-1 and 178-9, in’ the 
ubove table, give tho discharges in tho third’ and 
ifth lines corresponding, due to the respective velo- 
sities of approach. 

The accordance between the’ results in the last 
wo lines of the table is remarkable, Tanir Y. 
hows that if the cocfliciont be ‘617 when the water 
hove the crest is still, it will be increased to -712 
rhen the approaching channel is about 1-83 times 
he section of the water in the notch. If the arrises 
f the two-inch thick waste board be rounded, 
12 coofficiont must also be considerable, although 


and hence, by means of Tanne IV. (1 + 
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certain; but as tho equation y, = 5-6 7H} 58 of AB 
pears to have been framed by Mr, Taylor, to 
press special experiments made for Mr, Simpson, 
which tho quantilies varied from 6 to 152 eubie 
it per minute, and for hoads on a four-foot weir 
rying from 1 iveh to 8 inches,* wo must conclude 
3 coollicient for heads measured from still water 
ovo the evest in those experiments suited to the 
m of tho weir used, and its attendant cireum- 
nees, is “712. 
Tho equations (39) and those from (4) to (0) may 
easily changed into forms in which only the 
rth A, the velocity of approach, and the coeflicient 
velocity (in this case eqtul to that of dischargo) ey 
rintroduced, — Ttis, however, only necessary hero to 
luce the general form (A) p. LLL, for fect measures, 
ich becomes, afler substituting for A, its valno 
oe 


x ay" and making some reductions, 


} 


D8 B60, x(;; a YL (eX Ge “dh, +08) ‘ut 


[og ON" (deel + 2 — el) 5 


x “él ‘A. 





| for time in minutes the discharge is 
a 
1 Dy seeey d {(Gdbet Ay -b oly —ol} 


which », “ail continues the velocity in feet per 
nd, ag determined from observation, ‘These for- 


Vido p. 22, Tatler dated 1th August, 1868, from tho 
ymmont Referees to tho Right Hon. Jord Jolin Mannors, 
te subject of tho Motropolitia Main Drainage. 
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. mule may be again reduced to many others. If we 
take /, in _ . becomes 


Cw) n= 1 1(6-81 8 hy + 0893 — vb}, 


My, ‘Pole, in a letter to Mr, Simpson and Captain. : 
Galton, already. referred to, gives tho special valuo, 
. oe 062 {(3 hy + m%) it yt — aol}, 
which corresponds very closely with the experimonts 
made. for Mr, Simpson. If we assumo eg = “7 12, 
which’ also closely corresponds with those oxpori- 
ments, our equation (U) becomes for them 
Dy Se 1225 7 {(2°72 Ty, + vt) — ot} 
but thé amount of tho dischargo must always depend 
on the coefficient ¢,, equation (U) suited to the special 
circumstances of tho case under consideration. 

The form of equation for ‘the discharye proposed 
by My. Boyden* includes tho offects of the end con 
tractions : ib’is 

x p=of{l—hnhy yt 
in which o = $a 27%, w tho numbor of ond com 
tractions, 7 tho length of the weir, /,. the head 
measured from the surface of the waler above the 
curvature of approach, and J a eoofliciont dué to the 
nature of the end contractions, ‘Cho incan nume- 
rical exponent of this formula, derived by Trancis 
from his experiments, is for fect measures, por second, 
p= 333 7—'1 ah, fy t 


* % Prancis's Lowell Iydraulic Eixporimonts, p. 74. 
t Ibid, p. 119. 
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; the yalne of o varied from 3808 to 836017, 
ago. resuliy pive correspouding values of ¢, = G17 
628, and whan 6 = 3°38, a = 023, The experi- 
atal resulis compared with this formula have been 
wred to ab p. 83, 
Mraneis’s Lowell experiments on a woodon diam 
foot long, level and 3 feet wide at the crest, with 
ead slope of 84 bo Lin a elumnel £0 feet wide, 
3, for heads between 6 and 20 inches, a mou: 
fielent of ‘663 or “666. This for feet measures 
Ud give for the discharge por second 
pm 802 43, 

ereator depths, on this width of erest, the dis- 
‘go would prohably vise as high as LAT ov 838, 
section of the dam was the same as that erected 
ho Tssex Company across the Movrimack. liver, 
Lawrence, Massachusetts, See, also, tablo of 
ieients, p, 80. ' 

Lequation (1b), pp. 64 wid 65, wo huve given a 
ral oxpreasion for the valuo of p through w tri- 
day noteh, Professor Thomsen, of tho Queows 
ge; Belfast, div paper reul at Che British Asso- 
on wi Leods in 1868, says :— 

Iho ordinary rectangular notches, accurately ox- 
ronted on us they have been, ab grent cost and 

high seiontifie skill, in yarious countries, with 
riew of determining tho necessary formulas and 
cients for thoir application in practice, are for 
7 purposes suitable and conveniont. hey are, 
ver, but i adapted for the measuroment of very 
Dlo quantities of water, such as commonly occur 
@ engineer Lo be gauged in rivers and slreums, 
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If the rectangular notch is to be made wide cnough 
to allow the water to pass in flood times, it must be 
so wide that for long periods, in. moderately dry 
weather, the water flows so shallow over its crest, 
that its indications cannot be relied on, ‘To remove, 
in some degree, this objection, gauges for rivers or 
streams are sometimes formed, in the best engincer- 
ing practice, with a small rectangular notch cut down 
below the general level of the crest of a large rectan- 
gular-hotch. If nov, instead of one depression being 
made for dry weather, we use acrest wide enough for 
use in floods, we conceive of a large number of de- 
pressions extending so as to give the crest the 
appearance of a set of steps of stairs, and if wo 
conceive the number of such steps to become in- 
finitely great, we are led, at once to the conception of 
the triangular instead of, the rectangular notch. The 
principle of the triangular notch being thus arrived 
at, it becomes evident there is no necessity for 
having one side of the notch vertical, and the other 
slanting; but that, as may in many cases prove 
more convenient, both sides may be made slanting, 
and their slopes may be alike. It is then to bo 
observed, that by the use of the triangular notch, 
with proper formulas and coefficients’ derivable by 
due union of theory and experiments, quantities of 
running water from the smallest to the largest may 
be accurately gauged by their flow through the same 
notch, The reason of this is obvious, from consider- 
ing‘that in the triangular notch, when the quantity 
flowing.is very small, the flow is confined to a small 
space admitting of accurate measurement; and that 
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spaco for the flow of water increases as the 
tity to be measured increases, but still continues 
as to admit of accurate measurement. 
Turthor, the ordinary rectangular notch, when ap- 
for the gauging of rivers, is subject to a serious 
tion from tho difficulty or impossibility of pro- 
taking into account the influence of the bottom 
a viver on the flow of the water to the notch, 
were practicable to dam up the river so deep 
the water would flow through the notch as 
ning from a reservoir of still water, the diffi- 
would not arise. ‘This, however, can seldom be 
in practice, and although the bottom of . the 
may be so far below the crest as to produce 
tlle effect on the flow of the water when tho 
ity flowing is small, yet. when the quantity 
es groat, the velocity: of approach comes to 
au very material influonco on tho flow of the 
but an influonce which is usually difficult, if 
apracticable to ascertain with satisfactory ac- 
‘In the notches now proposed of a trian- 
form, tho influence of the bottom may be 
ed definite, and such as to affect alike (or at 
ay some law that may be readily determined 
periment) the flow of the water when very 
or when very great, in the same notch. 
iothod by which I propose that this may be 
1 consists in carrying out a floor, starting 
r from the vertex of the notch, and extending 
p-stream and latterally, so as to form a bottom 
channel of approach, which will both be 
and will servo as the lower bounding surface’ - 
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of a passage of approach unchanging in form while 
increasing in magnitude, at the places at least which 
are adjacent to the vertex of the notch. The floor 
may be either perfectly level, or may consist of 
two planes, whose intersection would start from tho 
vertex of the notch, and would pass up-stream pev- 
pendicularly to the direction of the weir board ; the 
two planes slanting upwards from their intersection 
more gently than the sides of the notch, The level. 
floor, although theoretically not quite so perfect. as 
the floor of two planes, would probably for most 
practical purposes prove the more convenient ar- 
rangement. 

“ With reference to the use of the floor it may be 
said, in short, that by a due arrangement of the 
notch and the floor a discharge orifice and channel 
of approach may be produced, of which (the uppor 
surface of the water being considoted as the top 
of the channel and orifice) the form will be w- 
changed or but little changed, with variations of 
the quantity flowing; very much less certainly than 
is the case with rectangular notches, 

“Whatever may be the result in this respect, the 
main object must be to obtain, for a moderate 
number of triangular notches of different forms, 
and both with and without floors at the passage 
of approach, the necessary coefficients for the va- 
rious forms of notches and approaches selected, 
and for various depths in any one of them, so as 
to allow of water being gauged for practical pur- 
poses, when in future convenient, by means of 
similarly formed notches and approaches. ‘The util. 
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the proposed system of gauging it is to be 
arly observed, will not depend upon a per- 
slose agreement of the theory described with 
periments, because a table of experimental 
ents for various depths, or an empirical for- 
lightly modified from the theoretical one, will 
Jl purposes. 
one evident simplification in the proposed 
of gauging, as compared with that by rect- 
+ notches, I would here advert, namely, that 
proposed system the quantity flowing comes 
t function of only one variable—namely, the 
3d head of water—while in the rectangular 
it is a function of at least two variables, 
the head of water, and the horizontal width 
toich; and is commonly also a function of a 
viable very difficult to bo taken jnto account, 
the depth from the crest of the notch down 
bottom of the channel’ of approach, which 
nist. vary in its influence with all the varying 
votween it and the other two.quantities of 
re flow is a function, 
proposed system of gauging also gives facil- 
taking another clement into account which 
‘ises in practice—namely, the influence of 
ter on the flow of the water in the gauge, 
3 frequently oceurs in rivers, it is found 
rable to dam the river up sufficiently to give 
y overfall free from the back or tail water. 
given ratio of the height of the tail water 
2 vertex of the notch to the height. of head 
vove the vertex of the notch, I would an- 
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ticipate that the quantities flowing would still be 
approximately at least, proportional to the § power of 
the head, as before; and a sel of cocllicients would 
have to be determined experimentally for different 
ratiog of the height of the head water lo tho height 
of the tail water above the vertox. of the noteh, 

“Thave got some preliminary experiments made on 
a right-angled notch i a vertical plane surface, the 
sides of the notch making angles of 45° with the 
horizon, and the flow being from a deep and wide 
pool of quiet water, and the water thus approaching 
the notch uninfluenced by any floor or bottom, The 
principal set of experiments as yeb mide were on 
quantities of water varying from bout 2 to 10 eubig 
feet per minute ; and the depths or heads of the water 
varied from 2 inches to 4 inches in tho right-angled 
notch. From these experiments T derive the formula 

= 0317 nf, 

where Q is the quantity of water in erthio foot per 
minute, and m the head as measured. vertically in 
inches from tho still water level of the pool down lo 
the vertex of the notch, ‘This formula is submitted 
at present temporarily as being accurate cnough for 
use for ordinary practical purposes for the measure. 
ment of water by notches similar to the one expert. 
mented on, and for quantilics of water limited to 
neatly the same range as those in the exporiments; 
but as being, of course, subject to amendment by 
more perfect experiments extending through a wider 
range of quantities of water.” 

In the first edition of this book wo gave tho gene. 
yal form of the equation for tho discharge through 


us 
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ngular notches, uid also showed the genoral appli- 
on of the eoellicients +617 to ‘628 for al forms 
wiftecs and notehes in Chin plates, °617, as shown 
oto p. 656, gives a result identicnl with tho prac 
L results of Professor Thomson's oxperiinents. 
pre advantage of the triangalar uoteh for 
ging is, that the sections for ML depths flowing 
> are similar Wriangles, and therefore the coelli- 
t probably remains constant, or nearly so, nob 
‘for one bul for wll species of brinngles, when the 
hab the open is nob very little indeed in propor. 
to the width flowing over ab the surfiee, 
he disadvantage of the proposed triangular form 
opression, if permanent in adam, would be that 
ugular point should be wb a lower level than the 
fa horizontal crest to maintain the same level, 
‘, of the water during floods ; and therefore the 
woof the water and head would be reduced at 
period when most vequived for iuill-pawer av 
vation purposes ; that is, during dry weuther, 
drainage purposes thoowinter Jevel or that du- 
floods, must evidently be kept down, unless 
_ the banks ave steep, and alone rapids; but 
remarks do nol apply to dams erected across 
aces or streams where tha banks are, generally, 
derably ahaye floods, ‘These reauwks refer to 
ions for permanent gauging bo find the velabions 
‘aporation, wbsorption, und discharge in given 
ment arens, Tn notch gauging lo determine the 
| effect of water engines, rectangular forms: in 
plates have the coeflicienls already well deter- 
|, aud the valeulutions ave easy, 


, 
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‘DIFFERENT EFFECTS OF CENTRAL AND MEAN VELOCITInS, * 


There is, however, another element to be taken 
into consideration, and which we shall have to refer’ 
to more particularly hereafter; it is this, that the 
central velocity, directly facing the orifice, is also 
the maximum velocity in the tube, and not the mean 
velocity. The ratio of these velocities is 1 : 835 


nearly; hence, in the example, p. 110, where © =8, 


we get 3 x -835 = 2-505 for the value of = 5 in column 


1, Taste V., opposite to which we shall find -649, 
the cocficient for an orifice of one-third of the 
section Gf the tube when cylindrical or prismatic, 
Fig. 13; and 8 x 835 x ‘807 = 2-02 nearly, oppo- 
site to which we shall- get ‘661 for the coefficient 
when the orifice is at the end of the short tube, 
Fig. 14, with a rounded junction, , We have, there- 


fore, < x ‘$35 equal to the new: value of . for 
finding the discharge from orifices at the end of 


oa or prismatic tubes, and : X 835 x ‘807 


= x ‘67 nearly for the new value of - < when 


tating the discharge from orifices at the end of a 
short tube with a rounded junction, 

The ratio of a mean velocity in the tube to that 
facing the orifice cannot be less than ‘835. to 1, and 
varies up to 1 to 1; the first ratio obtaining when 
the orifice is pretty small compared with the-,sec- 
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if the tube, and the other when ney are 
If we suppose 
uve Dc, whose 
see (4-0) repre- 
1e vatio of the 
to the section - 
tube, and whose 
tes (Bc) repre- 
1¢ ratio of the mean velocity in the tube to 
icing the orifice, to be a parabola, we shall 
3 following values :— 














Ratio of the mean velocity 


sabi Vue ot “Sc 
7 i orifice, or values of bo 
cmAB de. : 

0 “165 8850 te 

1 "163 837 

2 158 * 842 

3 . 150 “850 

aA 139 861 

b 19d 876 

6 106 894 

a 084. ‘916 

8 1059 941 

9 031 . 969 

10 000 1000 


lues of be are to be multiplied by the cor- 
og ratio : in order to find a new value, 


to ais will be found, in the table, the 


¢ for orifices at the ends of short prismatic 
x 
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" oy cylindrical tubes; and this now value again mul. 
tt OE 
tiplied by °807, or more generally by ¢ { i Salts will 
* “d . 


0 fe : 
give another new value of yO opposite to which, in 
the table, will be found the cooflicient for orifices 
at the ends of short tubes with rounded jrnetions, 

Exanrie TT, What ae 
shall be the discharge 
from an orifice A, Fig. 
16, 2 feet long by 1 
foot deep, when the 


Os, b 
value of 5 3 3, and |= 


the depth of the centre & 
of A 1. foot 6 inches tsa —— 
below the surface? Wo havo vp, = 2x 1x ar 
(Tapur IT.) = 2 x 9829 x 19658 cubic feck por 
second for the theoretical discharge. Irom the table 
on last page the coefficient for tho moan velocity, 


' 


























facing the orifice, is about ‘86; hones ‘ x 8623 x% 
"86 = 2°58. If wo take the coeflicient from Tania I, 
we shall find it (opposite to 2, the ratio of the length 
of the orifice to its depth) to bo ‘617; and, for this 
coefficient, opposite to 2°68, in ‘Tannn V., or the next 
number to it, we find the required coolliciont +636; 
hence the dischargo is ‘636 x 19:68 = 12:502 euble 
feet per second. If woassumo tho coofficiont in still 
water. to be 628, then wo shall obtain the new co- 


* Seo p. 106, with roferonco to tho modlifientions of equations 
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nt 047, and the dischargo would ho +7 x 
812719 cubic foot. Tf the junction of the 
yith the cistorn bo roundod, as shown by the 
Llines, wo have to multiply 268 by °807, which 


mi ; ; 
2-08 for the new valuo of, opposite which we 


find, in Taum V., whon tho first coetlicient is 
the new coefficient 659; and the dischargo in 
aso would he ‘659 x 10-058 = 12955 cubic 
w second, 

3 nob necessary bo 
mt the coofficient tf 
uw. velocity facing ff 
flee to more than 
aces of decinals, | 
‘ge notches in fh 
Yates placed in tie cra 
s and millraces, Mig. 17, the mean coelliciont 
wv still water, may bo assumed ; thenco tho now 





ee a . , . 
ant sited to the ratio ‘ may bo found, as in 
A 
st portion of Txawene TTL Wo shall leave 
‘king out of the resulls whon 4, is baken equal 

j to tho studont, 
mLElV, What shall be the discharge through 
‘ture d, equal 2 feet by V foot, when the channel 
@ orifice as 8376 tol, andl the deptle of the 
1126 foot below the surfice, taken at about 8 
ve the artfice? Tero tho coefficient. of the 
hing velocity is +85 newly, whence the new 
Oe an 

3 8876 x BH = 2875 and as eo. = “628, 


no 
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we shall get from Taste V, the new coefiicient -644. 


Hence 
p=2x 1x 2 x44 (Tame IL)=2 x 8972 x “64d 


= 17-944 x 644 = 11556 cubic fect per second. 
Weisbach finds the discharge,. by au empirical 
formula, to be 11°31 cubic feet. If the coefficient 
be sought in Tante I., we shall find it ‘617 nearly, 
from which, in Tanne’ V., we shall find the new 
coefficient to be ‘632: hence 17-944 x ‘632 = 11-341 
cubic feet per second. If the coefficient -6225 were 
used, we should find the new coefficient equals -638, 
and the discharge 11-468 cubic feet. Or thus: The 
ratio of the head at the upper edge to the depth of | 


the orifice is =75, and from Taste IV. we find 
(1-75)! — (75)? = 16655. Assuming the coefficient 


to he 644, we find from Taste VI. the discharge per 
minute over a weir 12 inches deep and 1 foot long to 


be SR EANN = 200'884 cubic fect nearly; and 
as the length of the orifice is 2 feet, we hava 
2x PUREK MO = 11-482 cubic feet per second, which 


is the correct theoretical discharge for the coefficient 
*644, and Jess than the approximate result, 11-656 
eubic feet above found, by only a-very small dif- 
ference. The velocity of approach in this example 
must be derived from the surface inclination of. the 
stream. The working out of this eral and the 


increase of the discharge when A, = Ig: Iga will afford 
practice to the student. 


rFeaetktet to «a 
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‘or notches or Poncelet weirs the approaching 
city is a maximum at or near the surface. If the 
‘ral velocity at the surface facing the notch be 1, 
mean velocity from side to side will be ‘914. We 
‘therefore assume the variation of the central to 
mean velocity to be from 1 to ‘914; and hence 
ratio of the mean velocity at the surface of the 
qnel to that facing the notch or weir cannot be 
than ‘914 to 1, and varies up to 1 to 1; the first 
) obtaining when the notch or weir occupies a 
rsmall portion of the side or width of the channel, 
the other when the weir extends for the whole 
ih.’ Following ‘the same mode of calculation as 
. 129, Fig. 16, we shall find as follows :— 


Ratlo of tho Values of Values of 
Method ot ae _ be 
the channel. Fig. 16, Fig. 15. 
‘0 ‘086 ‘914 
‘1 ‘085 915 
2 083 ‘917 
38 078 922 
‘4 072 928 
5 064 936 
‘6 055 945 
7 044. “956 
‘8 031 969 
9 016 or 984. 
1:0 ‘000 1:000 


iese values of bc are to be used as before in 
G 


or cto find the value of 2 opposite to which in the 
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tables, and under tho hoatling for weirs, will be found 
the new coofficient. 

Examrin V. Zhe length of a weir és 10 fects the 
width of the approaching channel is 20 feet; the head, 
measured about 6 feet above the weir, ts 9 tnches ; and 
the depth of the channel 3 feet: what ts the discharge? 
Assuming the circwnstances of tho ovorfall to be 
such that the coelliciont of dischargo for heads, 
measured from still water in a deep weir basin or 
reservoir, will bo ‘617, we shall find from ‘Canta VI, 
the discharge to be 128°642 x 10 = 1286-42 cubic 
feet per minuto; but from tho smallness of the 
channel the water approaches the weir with some 

20 X 8 


. c . 
velocity, and -= oxam 8. Wo havo also the width 


of the channel equal to twico tho width of the weir, 
and hence (small table, p. 133,) 8 x “036 = 7488 for 


0 . ; 
the new value of . From Taste V. wo now find the 


+, G82 62 ; ‘ 
new coefficient en = 623, and hoenco the dis. 


1286-42 X 623 


charge is =1208'08 cubic foot por minuto, 


Or thus: As the theoretical discharge, ‘Tanne VI, is 
2084:96 cubic fect, we got 208106 x +623 = 1298-08, 
the same as before, In this example, however, the 
mean velocity approaching tho overful bears to the 
mean velocity in tho channel a greater ratio than 
1: 936, ag, though the head is pretty luge in pro- 
portion to the depth of tho channol, tho ratio of the 


Cory ae ae , 
sections a Bee small, Wo shall therefore be more 


correct by finding the multiplier from the small table, 
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4 0, 
9, By doing so the new vilue of) is 8 x 888 


704, From this and the eoeflicient G17 we shall 
ag before from ‘Tanase V., the new coellicient to 
27; henco wo get 208696 x G27 = 130727 
foot por minute for tho discharge,: 

e foregoing solution tulkes for granted thab tho 
ity of approach is subject to contraction before 
‘ng ab the overfill or in passing through it; 
as this reduces the mean velocity of approach 
1 to ‘784, ‘Taunu V., when the coeficient for 
iin still water is ‘617, we have to multiply the 


oft = 704, last found, by *784, and wo pet 


x “78d. = $26 for the yaluo i duo to this cor 


an, from which wo find the corresponding co- 
nb in Tan V¥. to be G20, and henee the cor. 
L discharge is 208406 x *620 = 134d eubio 
- eee i, 
Tt is to be borne in mind that the value af 4 
LV, és stinply an approvimate value for the ratio 
:anlocity in the channel fucing the orifice to the 
y in the orifice itself’; wid tho corroctions 
din tho foregoing examples wero for tho pur- 
f finding this ratio of volocity moro correctly 


: oO . ‘ F 
hho simplo expression abives it, he following 


ary table will cuable us to find tho correetion, 
henes the new coelicient, with facility, ‘Thus, 
channel be five times the sizo of the orifice, 
loss in tho approaching velocity takes place 
‘to that in a short oylindrical tube, wo get 
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AUXILIARY TABLU, TO DH USED WITH TANT ¥. FON MONE NEARLY PINDING 
THE CORFYIOINT OV DINCHARGN, NEAULY RUITED 0 KQUATIONS (6a) 


ann (46a). 


7 

‘MultipHora for flnding tho now valnen of af Fann Vy when 

tho wator approauhes and yatien through tho urifico, without 
contraction or lain of velavity, 


tipicrs due to 


the difference of 
the 


anomie! [ewortot Haonntat [ex 
Gad M068 


to the channel, or 


Ratio of the orifice 
Muli 


“on | ‘ “Oh 
0 | ‘ Oh 
10 : Ot 
1 | ‘ “65 
“06 
73) 4 “67 
th 


| 


0 
1 
2 


78 
81 


























5 x 842 = 4-210 for the new valuo of “ opposite to 


which, in Tanz V., will bo found tho coefficient 
sought, If tho coofliciont for still water bo +606, wo 
shall find it to bo ‘612 for orifieos antl 628 for woirg, 
But when the water approachos without loss of 
velocity, we find from the auxiliary table +64 for the 
multiplier instead of +842, and consequently the new 


value oft becomes § X ‘64 = 8:2, from which we 


shall find 617 to be the now cocfliciont for orifices 
and ‘636 for weirs. "Tho auxiliary tablo is caleulated 
by multiplying tho numbers in tho gocond column 
(see third column, table, p, 129) by the valuo of ox 
{sal which will bo found from ‘Tanne V., for 
the different values of ¢, in tho table, viz, 


6i 
8h 
‘iy 


iv 


(@ 
the! 
= 
bra 
clor 


Tan 


and 


1:02 
near 
meth 
mott 

Ib 
(46), 
supp 
and : 
equal 
equa 
orifice 
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1628, GL7, G06, B95, -H8t, and G73, to ho 
807, 784, °762, °740, *719, and +9 respoe- 
a8 given in the ip and bottom lines of figures, 


en a a in equations (46) ahd (46) is equal to 


a — 


i in equations (dia) and (46a), thon t= 1, 








a yb 7 : 
in equation (45) is equal to 


fl Leer 
zat jon (45a); and a 
+} in equation (452); and c {( + 


i 
Mo . ; 
A Gi 5 3) | In equatlou (40) is equal .to 
mt — oF J 
1 ov. ; ; 

—— cone (nore \ ate Ae) 
= _ Jy Gries D } in oquation (46a); and 
rd the coofficiont found from Vann V. for 
will give the multiplicr for ¢, outside the 
ts, in (46) and. (46a), lo fad tho new cooll- 

Thus in tho last example m = 6, and heneo 


V, for ey xl, wo oe { 1 +- Re 1 jhe 1021 


+s 4 aay iy- “(ya o )h= j= 1-065, Henco 
6606 = OL) nearly; nnd LO66 x G06 = 6389 
tho now cooflicients found from the other 
being “CLT and -636, the difference by bath 
3 being of no great practical Importance, 

necessiry to observe, that in equations (45), 
ja), and (4.62), tho hend due to tho velocity of 
av approach, A,, must be extra to the head A, 
part of it, and that-—as is indicated by the 
is—m cor never bo so smal as unity, Theso 
is aro not, thorofore, strictly applicable to 
in the short tubes, Vig. 16 and Tig, U6, al- 


aie 
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though they can be made practically so within definite 
limits. The initial vglue of c, itself varies consider- 
ably with the position and form of the orifice; for a 
mean value of “707 it — according to the rela- 


tion of c and 4 ‘nije ee G an and for a value of 
‘G18 for an orifice, central in a thin plate, Professor 
Rankine’s formula, p. 110, is applicable. 

In weirs at right 
angles to channels [52 
with parallel ean Pee 
the sectional area can 
never equal that of aS = = 
the channel unless it be a measured at or Paes the 
point A, where the sinking of the overfall commences ; 
and unless also the bed c p and surface A B have 
the same inclination. In all open channels, as mill- 
races, streams, rivers, the supply is derived from 
the surface inclination of a B, and this inclination 
regulates itself to the discharging power of the over- 
fall, When the overfall and channel have the same 
width, and it is considerable, we have, as shall 
appear hereafter, 91 As for the mean velocity in 
the channel, where / is the depth in feet and s the 
yate of inclination of the surface az, We have also 


: 2h for the theoretical velocity of discharge at 


the overfall, of equal depth with the channel, and, 
when both velocities are equal, 


2S TGK = 596 / T= 91 Ti 


from which we find 
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1 
s=55 = 00346, 


nelination of B sa when the supply is equal to 
heoretical discharge at the overfall, If the co- 
at at the overfall were -628, or, which is nearly 
ame thing, if a large and deep weir basin inter- 
between the weir and channel, Fig. 19, aa 












































be level, the velocity of approach would be 
ryed, and we should have 
85 X 628 / 1h = 3°36 M/A Ol Vhs; 
tence the inclination of aB 
1 
s== 00136 

early, When we come to discuss the surface 
ition of rivers, we shall see that the conditions 
ssumed and the resulting surface inclinations 
involve a considerable loss of head. If the 
ty discharged under both circumstances be the 
ind / be the depth in the first case, Fig. 18, 
ul then have the head in the latter case, Fig, 


tal =). h = 1:36 h very nearly, from which 
3 surface inclination the extent of the back- 


nay be found with sufficient accuracy. When, 


19, the inclination of a B exceeds = the head 
iust exceed the depth of the river above a. 
ist refer to pages further on, Szcrion X, for 


marks on the backwater curve. 


. 
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SECTION VY. 


SUBMERGED ORIFICES AND WEIRS:;—CONTRACTED 
RIVER CHANNELS. 


The available pres- 
sure at any point in 
the depth of the ori- 
fice a, Fig. 20, is equal 
to the difference of the 
pressures on each side. z 
This difference is equal to the pressure due fo the 
height 2, between the water surfaces oh each side of 
the orifice ; in this case; the velocity is 


Fig.20, 
y 











(4.) v=q SIgh; 
and the discharge 
(48.) p=ldaW/2gh\ 


in which, as before, 7 is the length, and d the depth 
of the rectangular orifice a. 

When the orifice is 
partly submerged, as 
in Fig. 21, we may 
put h, —h = d, for 
the submerged depth, é 
and h—h,=d;, the remaining portion of the depth i 
whence d, + d;=d is the entire depth. The dis- 
charge through the submerged depth dy is cal dy X 
- 2 g *, and the discharge through the upper portion 

I, is 











= gl s/ Ty {18 — Ad} ; 
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uce the whole discharge—assuming the coefii- 
t of discharge c, is the same for the upper and 
x depths—is, 


! veal Vd Ig {hv i+ 5 Ub ab). 


‘e may, however, equifetat../31), assume that 
=e b/2g (hes —h2) = c d, ly 2g(h— @) 


nearly, and hence 
ease “ay teald/29 (Py 


ot $ ae this equation may be changed 


D magld BGR + 41d, 29 (i+ 2). 
ther of these forms the values of 


Veh, % W249 (a —$), and ca vw 29 (+2) 


ie hac from Taste IL, and the value of the dis- 
‘ep thence easily found. 

ren the water approaches the orifice with a 
minate velocity, the height 4, due to that velo- 
san be found from Tanne IL, and thé discharge 
n found: by substituting 2+ A, and A, + A, for 
.#, in the above equations, 

the submerged 
Tig. 22, 2 be- == 
3 equal to a, and 
); the discharge, 
ion (49), then be- 

















é 
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Dez ldy J gdh + ald 2a dy, ov 
(52.) 


paul Iga {dy +30}. 

When the wator approaches with a velocity due 
to the height /,, thon A becomes f -- Ay Aya hy, and 
equation (49) becomes 


h,-[- (dy iy ss ai} 


In the improvement of tho navigation of rivorg, i} 
is sometimes necessary to construct weirs so as to 
yaise the upper waters by a given depth, d. ‘The 
discharge p is in such cages provionsly known, or 
easily determined, and from tho values of @ and p 
we can easily determino, equation (62), tho value of 
Sea Pe fee hes 

gh 2yd 3 
or, by taking tho velocity of approach into account, 

P 20h +h)! Ih 
“hgh ky 8 AE 
This value of d must bo the depth of the lop of the 
weir below tho original surface of the water, ii order 
that this surfaco should be raised hy a given depth 
d, When h, is small compared with ,, wo may tako 





(64.) dy 


(5) a= 


mr. Fy 
*(G +h) = : x St etn equation (56), 
Exarie Vi A river whose width at the sunfiece 
‘ts 10 feet, whose hydraulic mean depth ts 4A. feet, and 
whose cross sectional area is 32h fret, has a surfice. 
inclination of \. foot per mile; to whut depth below, 
or height above the surface must a weir at right angles 
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the channel be raised, sq that the depth of water 
mediately above tt shall be inereased by 84 feet? 
When the hydraulic mean depth is 44: feet, and 
yfall per milé 1 foot, we find from Tannin VII, 
ub the mean velocity of the river is 29-08 or 80 
thes very nearly por socond, The discharge. is, 
wefore, 825 x 24 = 8125 cubie foot per second, 
48760 cubic focb per minuto, Tence, site = 
34. cubie fect, must pass over each foot in length 
the weir por minuto. Asstning the coefliciont 
= 628 in tho first instance, wo find from ‘asia 
_ the head passing ovor a weir corresponding to 
j discharge to be 27-4 inches; but as the head is 
re increased by 84 fect, or 42 inches, ib is clear 
i the weir must be perfect; that is, havo a clear 
rfall, and rise 4.2 —- 274 = Ld-G inches over tho 
‘inal water surfaco, Th order that the woir may 
submerged, ov daperfiet, tho heal could not bo 
eased by moro than 27-4 inchos. et us, there- 
, assume in the example, that tho inerease shall 
only 18 instoul of 42 inches; tho weir then 
mos submerged, and we hayo, from equation (64), 


: x 18" (ag 7 = 1 foot), 





valuo of tho first part of this oxpression is 
d from Tanta VE ov ‘Masnn TL, equal to 
696-4 _ O96, 


‘ xX 870341 87034 





«oz 1-88 feeb = 22°66 in; 








== 10°68 inches is the value of dy; 
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that’ i, thé ‘gabmergéd ewveit must be built within 
10-56 inches of the ‘surface to raise the head 18 
inches above the former level, Tf, however, tho 
velocity of approach be bee into Account, we shall 
25 
find this velocity sual re = 2 feet per sccond 
very nearly ; and the height, or yalue‘of 4,, due to 
this velocity, taken fr rom Taste IL, is : = ‘76 inches’ 
nearly ; therefore, from equation (65), 
ga 84 (18°75)# — (-75)# 

7. 698 / 2g X 18°75". 8 ax / 18°75 











6964 
——_ = = (from Taste VI, 
TIS Ot age 1876" ( ) 
iid = = fe = 1°84 feet = 22°08 in, 

=X 2 x 393-75 bs 
18°75 : 

(18:75)8 - (75) _ 2 2 CTF 

also, = x Vid "= 5 pea ava ST 
a “G6. 
= 125 —5x gyg S125 — 1 1d, 


Hence d= 22-08 124 = 9-68 inches, or about 
inch less than the value previously found from equa- 
tion (64). The mean coefficient of discharge was 
here assumed to be ‘628, Experiments on submerged 
weirs show that the value of c, varies from ‘b up 
to ‘8, but as this coefficient would reduce the. value 
of d,, or the depth of the top of the weir below the | 
surface, it is safer (where a given depth above a weir - 


* This is found from Taste ID. more readily. 


ry 


Oo PN Oe 
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ist be obtained) to use the lesser and ordinary 
wicionts of perfect weirs, with a clear overfall, for 
ding the crest levels of submerged weirs, when it is 
sessary to construct them, If the coefficient ‘8 wero 
1d in the previous calculation, weshould have found 


2208 
= 998 x 9208 = 124 = 1783-124 = 4-08 in, 
not much more than half the previous value ; 
; this would only increase the whole height of the 


v by 9°68 — 4:93 = 4°75 inches. 

is p= al Ty {(cy + hy)? — 13} for a perfect 
r with a free overfall, it is clear that when p is 
ater than =o MTG Nd +h) ie}, the ‘weir 


mperfect or submerged, Tor backwater curve 
Sroron X, ° : - 
n the following table of coefficients from Lesbros* 
is measured from that point below the weir 
wo its valuo is & minimum, On examining equa- 
(52), it will be scon that the equation » = co, % 
tay) /2gd, adopted by Lesbros is incorrect, 
can only be safely used within the limits of his 
eriments, 


Vide p. 84, deuxidmo édition, Hydvaulique, par Arthur 
n, Paris, 1858. 
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. that: is, the ‘niktinargad evel must be built w hin 
10-56 inches of the surfico to raiso the how 18 
‘inches above the former level, If, however, the 
velocity of approach be ae into Account, we: wh 


- find this velocity equals ® = 2 feet per se md 
very nearly; and the height, or value of /,, du to 
this velocity, taken from TaB.E IL, is > = ‘75 in ies" 
nearly ; therefore, from equadon (55), 

. 896-4 (18°75)t— (75) ° 

















a= 028 VIg x 1870" 8 TL rvs lc ae 
The oe ee) See = (from Taste) 1. 
i Jigxiee rm ) 
et. = RA = 18d foot = 22081 
+ Xe X 808-75 et 
18°75 : ey 
2. (18°75)8-(-75)8 2 SO 
Iso, = x JIB = x 18-7 —S aes 
6 
= 1053x3125 — L124, 


Tence d,= 29°08 ~124 = 9:68 inches, or about ft 
och less than the value previously found from eqt - 
tion (54). The mean coefficient of discharge w 9 
here assumed to be -628, Experiments on submerg: 1 
weirs show that the value of c, varies from ‘b 1) 
to ‘8, but as this coefficient would reduce the. vali + 
of dy or the depth of the top of the weir below tl | 
‘urface, it is safer (where a given depth above a we 


* This is found from Tasza IL, more yoailily. ‘ 


a 
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must bo obtained) to uso the lesser and ordinary 
cociicionts of perfect weirs, with a clear overfall, for 
finding the crest levels of submerged weirs, when ib is 
necessary to construct them, If the coeflicient 8 were 
used in the provions calculation, we should have found 

G28 x 2208 


dy == 8 — 194 = 1733-124 = 4-93 in, 


or not much moro than half the previous value ; 
but this would only inercase the wholo height of the 
woir by 9:68 — 4°98 =< 4°76 inchos. ; 


Ag p= seul ATG (dy + ha)? 13} for a perfect 


weir with a freo overfall, it is clear that when » is 


greater than Seal AS2G (dh + Ine - hi}, the weir 
_is imperfect or submerged, for backwater curyo 
seo Srowon X. °° Vs * 

In the following tablo of cooflicionts from Lesbros* 
dy is measured from that point below tho weir 
where its value is a minimum. On oxamining equa- 
tion (62), it will bo seen that tho equation » = ey 7 
(ay) 2 yd, adopted by Lesbros is incorrect, 
and can only bo safely used within the limits of his 
experimonts. 


* Vide p. 84, douxidme édition, EHydraulique, par Arthur 
Morin, Vaviz, 1.868, 


h 
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The trac. value of tho discharge is expressed 
: o) ae 
the equation p = 4 / {; dd -|- us| x fry ad, a 
the values of ey in the above table ne, theres 
too small, applied to the correct formula. Wooa 
d= dy tho lublo plvos ‘ye ATL. Now for wes 
in which the sheet passing over is “drowned,” 
general valuo of Lhe eveficiont ix ahouh G7; (4 
would give the ecocficiont for the lower portion 
in tho truo formula, equal lo 08, aud a mem + 
oficiont ¢, in the correel formula (52) equal lot 9 
neatly, When dy = 200 4, the apparent. limiis f 
the experiments on the other side, When the mea 
valuo of e, = 406 nowrlysin equation (42), The 
results would show that the eveficient une tos) 
submerged depth ¢/, in the first nul last experimen, 
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dg: ail to abouk i nearly, (mt varios to 6 newly: 
fn’ some of tho middle experiments,) ov thergahouts, 
“and, therefore, equation (62) for. submerged weir's, 
ay tho coolicient for the upper part cd is 67, would 
become : ; 
(9A) Des mlx {ud yb Hes} x By 3 
which for foot mousures would become again 
(628) palX Sd x {256 dy Ady} , 
for.tho discharge in cubic fect per second oyer.a 
submerge weir, Wig. 92. ‘ 


, 


CONTRACTED RIVER ONANNELS, 


‘ J t 
Whon the banks of a river, whogo bed has a 
uniform inclination, approach cach other, and con- 
tract tho width of the chamel in any way, as in 






car ort 

ia a sk al 
Tig, 28, the water will rise ‘in the channel above tho 
contracted portion a, until the inerensed velocity of 
discharge compensates for tho reduced cross section, 
If wo put, as before, ed for the inerease of depth 
immediately above the conbeaeted width, and ed, for 
the previous depth of the channel, wo shall find the 
quantity of wator passing through (he lower depth, 
dy onal to elds 4 2g 4, in which / is the width of 
the contracted channel wt a, and tho quantity of 


wator overflowing Unrough 2 equal to pot A2gh i 
18 
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and hence the whole discharge through a is 
eae 

(56.) p=ql ig a(ds+ 5 d,)- 


When our object is to find-the width Z of the e 
tracted channel, so that the depth of water in | ¢ 
upper stretch shall be increased by a given depth. ,, 
we shall find . 


(7) I= 


D 
a Byd,(dy+ = ah) 

. When the velocity of approach is considerablo, 
when the height /, due to it becomes a large portic 1 
‘of d,, its effect must not be neglected, In this ens 


as before, we find the discharge through tho dept 
dp equal to «ldy / 3g (d+ A,); and the discharg 


through the depth d, equal to = eal Sd og {ld +4) 





~ 13} ; and hence the whole discharge is 

(68) Da eale/ By {daly +h) + “dr + 2,)* = 18}) 

from which we shall find 

669.) I= eee. _ 
oa BG {dal cds + MF + Ud + ha) — 18) 


If the projecting spur or jetty at A be itself sub. 
merged, these formule must be extended ; the man 
ner of doing so, however, presents no difficulty, as il 
is only necessary to find the discharges of tho 
different sections according to the preceding formuln, 
and then add them together; but the resulting for- 
mula so found is too complicated to be of much 
practical value, 





ORIVIGHS, WHINS, PIPES, AND RIVETS, — 449 


NEADS ARISING FROM PIERS AND BACKWATER AROVE BRIDUES, 


Equations (56), (67), (58), and (59), are applicable 
to eases of contraction of river channels caused by 
the construction of bridge-piers aud abutments, whon 
tho width Zis put for the sum of the openings between 
them, ‘Cho value of the coollictont ey will depend on 
the peenliar circumstances of cach caso; we have 
secon that it risos from ‘6 to ‘7 in some eases of 
submerged weirs, and for cases of contracted chan- | 
nels it rises sometimes as high as +8, particularly ° 
when they are analogous to those for the dis- 
charge through mouth-picces and short tubes, When 
tho heads of the piers are square to the chan- 
nol, the cocficiont may be taken at dhoub 6; when 
the angles of the cut-waters or sterlings aro ob- 
tuse, it may be taken at about ‘7; and when curved 
and acute, at 8, With this coefficient, a head of 2% 
inches will give a velocity of very ucu'ly 36 inches, or 
8 fect per second; but as a certain amount of loss - 
takes placo from the velocity of tho tail-water being 
in general less than that-through the arch, also from 
obstructions in the passage, and from square-headed 
ad very short piers, tho cocflicient may be so small 
in somo cases as ‘6, which would require a head of 
62 inches to obtain the same velocity, ‘This head is 
to the formeras 64 to 21, The selection of the proper 
cochiciont suited to any particular caso is, therefore, 
a matter of the first importance in determining the 
effect of obstructions in river channels: we shall have 
to reeur to this subject again, bub it is necessary to 
observe here, that tho form of tho approaches, tho 
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anid hence the whole dNiselumge vaio ais 

(56) paml ty Ady ; ih 

When our object is to find the width 2 of the eon 
tracted channel, so that (he depth of water in the 


upper stretch shall be increased by uw given depth d, 
we shall find 


(67,) | nee ; 
, Miya) 


» When tho velocity of approach is considerable, or 
when the height 4 due lo ib becomes a large portion 
of d,, its effect must not be negleeted, dn this caso, 
as before, we find tho discharge Uhrough the dopth 
cy qual to oly BG A): aad tho discharge 


Q 


through the depth a, equal bo ; ml 2G (d+ ay 
~ hi}; and hence the wholo discharge is 

(68) p=al J 2g{ dad, +h,)! 4- : (ey Ay) = Abs 
from which wo shall a 


(59,) Ur ennrn ee ee we eto 
ca ig (aldack a) tls At ab 


Tf the projecting spur or jotly ab aA bo itself sub 
merged, these formule must bo extended; tho man 
ner of doing so, however, presents no diflientty, as it 
is only necessary to find the discharges of tho 
different sections according to the preceding formule, 
and then add thom together; but tho resniting for 
mula so found is too complicated to be of innch 
practical value, 
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THADS ARISING FROM PIENS AND BACKWATER ABOVE RUDES, 


Tequations (56), (57), (68), wid (68), are applierhlo 
to cases of contraction of river chamiels enused hy 
the construction of bridge-piors and nbutments, when 
the width /is put for the sum of the openings betaveon 
them, ‘Tho valre of the coefficient e, will depend on 
the peculiar circumstances of cach ease; we have 
seon that it rises from 4 to “7 in some eases of 
submerged weirs, and for eases of contracted chur | 
nels it rises sometimes us high ay °8, particularly 
when they are analogous lo these for tho dis- 
charge through mouth-pivecs and short tubes, When — 
tho heads of tho piers are square to the chan. 
nol, the cocliciont may he taken at dhout °6 5 when 
tho angles of the cut-walers or slerlings are ob- 
tuise, it may be taken al about 7; and when enrved 
and acute, wh 8, With this coelliciont, a head of 28 
inches will givo avelocily of very nearly 36 inches, ov 
8 feet per second; Dub asa eertain amount of loss. 
takes place front the velocity of the tuil-water being 
in general Jess than that-through the arch, also from 
obstructions in the passage, and from square-honded 
and very short piers, tho coeflicient may ho so simul 
in sone eases ns 6, which would vequire a head of 
62 inches Co obtain the same velocity, ‘Chis head is 
to the formeras 6-4 to 21, Tho selection of tha proper 
coofliciont suited Lo any particular case is, therefore, 
a matter of the first importance in detemuining tho 
effect of obstructions in river channels: we shall have 
to reour to this subject again, but it is necessary bo 
observe here, that the form of the approaches, the 
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length of the piers compared with the clistunes between 
them, or span, and tho length and form of the obstrue. 
tion compared with the width of the elamedl, must bo 
duly considercd before the coefficient suited to the 
particular case can bo fixed upon. Tideed, the coo. 
cients will always approximate towards those, given 
in the next section, for mouth-picces, shoots, and short 
iubes similarly circumstanced. or some further 
remarks on contracted channels, sov Suoriow X, 


SECTION Vi. 


SHORT TUBES, MOUTH-PIEGES, AND APYNROACIMS, -~-AT/LERATION 
IN THE COEFITOIENTS YROM FRICLION BY INCREASING TH 
LENGTI,—OOLTBIOIENTS OF DISOMARCH VOR SIMPLE AND 
COMPOUND SHORT TUBLS,—SIOOTS, 


The only orifices we have heretofore referred to 
were those in thin plates or planks, with w fow inei- 
dental exceptions, Ithas been shown, pago 48, Wig. 4, 
that © rounding off, next the wator, of Une mouth. 
piece inercases tho coofliciont ; and when the curving 


» M4, 





‘umes the form of the vena-contracta, tho coefficient 
veases to ‘986, or nearly unity. ‘Tho discharge 
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from a short cylindrical tubo A, Vig. 24, whose leneth 
is from ono ail & half bo threo times the diameter, is 
found to be very nearly an arithmetical mean between 
tho theoretical discharge wid tho discharge through a 
civeular orifice ina thin plato of the samo dinneter 
ag tho tubo, or “SLE nearly, Tf, however, the inner 
aris be rounded, or chamfored off in any way, tho 
cooficiont will increase until, in the tube 3, Tig, 24, 
with a properly-rounded junction, ib becomes unity 
yory nearly, Tn the conical short litbes o and yp the 
cochicionts are found to vary according to some fue. 
tion of the converging or diverging angles o, 0, and 
according ws we take Cho lesser or greater dimmoter to 
ealeulate from. When the length of the tuhe exceeds 
twice tho diameter, tho frigtion of tho water against 
the sides muy be taken into account, 

The following table, calculated by us, for a cocfi- 
ciont of friction 00699, duo to a discharging volocity 
of about cighteou inches per second, seo Srovion VIEL, 
shows tho resistunce arising from friction in pipes of 
different lengths in relation to the diameter, and will 
be found of considerable pragtienl value. Tb will be 
‘perceived that the ealculitiony are mado for three 
different orifices of cntry. * Itirst, when the arrises 
aro rounded, as in B, Hig, 24, with a cocfliciont of 
‘986; secondly, when Ute arises are srtare, as in a, 
witha coofficiont of 815; and, thirdly, when the pipo 
projects into tho vessel, when the coclicient of entry 
becomes reduced to 716, ‘he velocity is 

pes? gh, 
A being measured to the lower end of the tube, 
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COEFFICIENTS FOR SIfONT AND FONG TUBES. 


if dia Corres onding coefficients | Number of dlame-| Corresponding coeMelonts 
Foote tent Of ‘discharge, showing | tera in the tength { of discharge, showing 
of tho pipe. ~ ‘tho effects of frietlun. of the pips. tho eflecte of frleelon. 





2 diameters | 086] -814 | 715] G50 dinmeters) :228 | 295 | RaW 
6 936 | +779 | 6904 700 1220 | 217 | 915 
‘Bat | 747} 008 | 750 218 | 211 | -R00 
840 | +720] 049) 800 206 | 205 | -a0u 
“801 | -005 ; 030} 850 201 ; 100) +107 
‘707 | +078 | 616] 900 195 | 109] 199 
“787 | G63 | 6981 950 ‘190 | “180 | 187 
‘T11 | -684 {| -b84 ] 1000 186 | 184 | 183 
098 } O17) +570) 1100 97 | L7G) dt 
“005 | «601 | -558 | 1200 170} ‘160 | «168 
040 | 4 646 | 1400 168 | 167 | +166 
G18 | + 458 | 1600 148 | U7 | te 
480 | « 408 | 1800 199 | 190 | +198 
+380 “B04 | 2000 192} 1827 ‘ti 
“854 | + “494 | 2200 126 | ‘120 {126 
"827 “B11 | 2400 120 | 120 | +120 
“BOL | + +202 | 2600 ‘U6 | ‘lte | 116 
1287 | +276 | 2800 M12 | ‘112 | dig 
271 *262-) 3000 08 | +108 ) 1108 
“268 | y +260 | 9200 106 | los | +104 
RAT Fy +240 | 3400 102} ‘log | “101 
287 | -Qd4 | 281 | 3600 000 | O00) 000 




















"We see from this table, that the effect of adding 
to the length of the pipe is greatest next the orifice of 
entry. The effect of a-few diameters added to tho 
length in long pipes is, practically, immaterial; but 
in short pipes it is considerable. 

As for orifices in thin plates, so also for ain 
tubes, the coeflicients are found to vary according to 
the depth of the centre below the surface of tho 
water, and to increase as the depths and diameter of 
he tube decrease, Poleni first remarked that the 

scharge through a short tube was greater than that 
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through a simple orifice, of the same diameter, in the 
proportion of 133 to 100, or ag -617 to ‘B21, 


OYLINDRIGAL SORT LUBES, A, FIG. 24, 


The experiments of Bossit, as reduced by Prony, 
give the following coellicionts, at tho corresponding 
depths, for a cylindrical tube A, Fig. 24, 1 inch in 
diameter aud 2 inches long. The depths are given in 


CORMPICIENTS YOR SItOR! TUBEB, FROM Dosshy. 









Teaite 


Tends | Goomotonts, | 43) goomotonta, Gooftatents, 






























In foot. in fuel. in foot. 
I ‘Ba 6 +806 il 05 
2 807 q “606 12 "BOL 
8 “807 8 "805 13 “B04. 
4 “BOT 0 “B05 Ut “BOL 
6 +806 10 805 16 “803 





Paris feet in the original, but the coefficients remain 
the samo, practically, for depths in English fect, 
Venturi’s experiments give a coefficient +823 for a 
short tubo A, Lt inch in diameter and 44 inches long, 
ata depth of 2 fect 84 inches, the coeflicient through 
an orifice in a thin plate of the samo diameter and at 
tho samo depth being -622, We have calculated these 
cooflicionts from the original experiments. The mea- 
sures wero in Paris fect and inches, from which 
tho calculations were: directly made; and as the 
difference in the coefficient foy small changes of 
depth or dimensions is immaterial or vanishes, as 
may be seen by the foregoing small table, and as 1 
Paris inch or foot is equal to 1:0668 English inches 
or fect, the former measures exceed the latter by only 
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about sth, We may therefore assume that the coeffi- 
cient for any orifice, at any depth, is the same, whothor 
the dimensions be in Paris or English feet or inches. 
This remark will be found generally useful in the con- 
sideration of the older continental experiments, and 
will prevent unnecessary reductions from one stand- 
ard to another where the coefficients only have to be 
considered, 

The mean value derived from the experiments of 
Michelotti, at depths from 3 to 20 feet, and with short 
tubes a from 4 inch to 3 inches in width, ise, = ‘814, 
Buff’s experiments* give the following results for o 
tube Ys of aninch wide and xs of an inch long, nearly. 


BUFF'S COEFFICIENTS FOR SMALL SHONT TUBES, 


Coeffialent, ene. CooMotent, 


Head Head 
{uinches. | Coeffloient. | in inches, 





a} 


The increase for smaller tubes and for lesser depths 
appears by comparing these results with the foregoing, 
and from the results in themselves, generally, Weis- 
bach’s experiments give a mean value for ¢, = ‘818, 
and for depths of from 9 to 24 inches the coeflicients 


‘843, 832, “821, :810 respectively, for tubes 4, 2,12 


8 "to 
ind 5 of an inch wide, the length of each tube being 


‘ree times the diameter, D’Aubuisson and Castel’s 


‘Annalen der Physik und Chemie von Poggendorff, 1880. 
ad 46, p. 248. 
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experiments with a tube °61 inch diameter and 1:57 
inch long, give ‘829 for the coeflicient at a depth of 
10 fect. When a pipo projects into a cistern and has 
a sharp edge, the coefficient falls so low as +715, 

We have calculated the coofficients in the two fol- 
lowing short tables, from Rennie’s experiments with 
glass orifices and tubos, Table 7, p, 435, Philosophical 
Transactions for 1831, The form of the orifices, or 
length of the shorter tubes is not stated, but it is 
probable from the result, that the arrises of the ends 
wore in some way rounded off; it is stated they were 
“ enlarged.” Indeed, the discharges from the short 
tube or orifice of + inch diameter exceed the theo- 
retical ones in the proportion of 1-261 to 1, and 1-346 
to 1. These results could not have been derived from 
a simple cylindrical tube, but might have arisen from 
the arrises being moro or less rounded at both ends, 
and the orifice partaking of the nature of a compound 
tube, which may bo constructed, as wo shall hereafter 
show, so as to increase the theoretical discharge from 
I up to 1658, The resulting coeflicients for the § 

COELYIOFENTA YOR AILONT TUBES, THE ENDS ENDARGED, 


Head Adneh §inoh 4 inch Linch 
In foot. Unmotor. diamotor, damotor. diameter, 





L281 “BAL +706 “012 


“L201 “B30 +820 +020 
L846 “838 B21 +860 
reel -| +88 820 “O91 





and 2 inch tubes, approach very closely to those 
obtained by other experimenters, but those for the 
inch tubo are too high, unless the arris at the ends 
was also rounded, ‘The coefficients derived from the 
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experiments with a cylindrical glass tubo 1 foot long, 
as here given, are very variablo; like the others thoy 


COREFICIENTS DERIVED ¥NOM EXUERIMENTS WITTE A GTAKH TUM ONT FOOT LONG, 


etnies rte, 








Tends }inoh | tnek gIneh Linen 
in feet, dlametor. Ainmoter, Alanator Minnoter, 
1 “802 “708 “ONL “760 
2 Bios ThE “718 THO 
8 81 720 100 ‘177 





4 MLE 725 77 ‘B15 





are, however, valuable, as exhibiting the uncertainty 
attending “experiments of this nature,” and tho ne. 
cessity for minutely observing and recording overy 
circumstance which tends to alter and modify them, 
Indeed, for small tubes, a very slight difference in the 
measurement of the diameter must alter tho result a 
good deal, particularly when it is recollected that 
measurements are seldom taken more closely than 
the sixteenth of an inch, unless in special cases. Ag 
the author, however, states, p. £33 of tho work re- 
ferred to, that tho “diameters of tho tubes ab their 
extremities wero carefully enlarged to provent wire 
edges from diminishing tho sections ;” this cirewn- 
stance alone must have modified tho discharges, and 
would account for most of the differences, 

The coefficient for rectangular short tubes differs 
in no way materially from those given for cylindrical 
snes, and may be taken on an average ab ‘814 or *815, 


HORT TUBES WITH A ROUNDED MOUTI-PINON, B, FIG, od,” 


When the junction of a short tubo with a vessel 
8 the form of the contracted vein, Figs, 8 and 4, 
48, the mean value of the coefficient c,=='958, 
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and the actual discharge is found to be from 93 to 99 
ver cent, of the theoretion! dischargy. Weisbach, for 
a tubo 14 ine long aud vs ineh diameter, romndad at 
the junelion, found ab 1 foot deep eyse M8, ab 6 feet 
deop = "909, mide 10 feet deep qi, ‘Mhesa 
experiments show an Increase in the coelicionts, in 
this particular ense, for an ineronse of depth, Any 
other form of junction than that of the contracted 
sein, will reduce the discharge, and the coeflicionts 
will vary from ‘715 to ‘8, and bo +986, according to 
the change in tho junction from the cylindrical, pro- 
jecting into tho vessel, to (he square and properly 
euved forms, ‘Che cooficionts derived from Venturi's 
experiments will bo given hereafter, 


SORT CONTOAL CONVERGENT TUBES, OG, uta, 2b, 


Tho experiments of D’Aubuisson and Qastel lead to 
tho folowing cocffigionts of discharge and velocity® 
from a conieatly convergent tuba a ata depth of LO 


COUPEIOTENTH POH CONICAL CORYEROEST CUES. 
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Lraite d'ITydranliqne, Pavis, p. 60, 
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fect, We havo interpolated’ the original angles ang 
coefficionts go as to render tho table moro convenient 
to refor to, for practical purposes, than tho original, 
The diameter of the tubo ab the smatlor or ‘lischarging 
orifice in the -experimonts was ‘GL inches, and the 
length of the axis 167 inch; that is, tho length was 
2'6 timés the smaller diameter of tho tube The 
coefliciont became °$29 for the cylindrical tubo, 4, ¢ 
when the angle at o was nothing, ‘Ihe angle of con 
vergence o determines, from tho proportions, tho 
length of the inner and longer diameter of tho tube, 
The coefficients of dischargo inercase tp bo +943 fop 
an angle of 134 or 14. degrees, after which thoy again 
decrease; but the coeficionts of velovity increase ag 
the angle of convergence, o, increases from +829, when 

* the angle is zero up to ‘985 for an anglo of 60 
degrees, 

When p is the discharge and A tho aves of tho sco 
tion, wo have, as before shown, » =a a 27h but 
as, in conically convergent or divergent tubos, the 
inner and outer areas (or, as thoy may ho enlled, the 
receiving and discharging sections) vary, it is clear 
that, the discharge being the samo, and also the theo- 
retigal velocityy/2 yf, tho cooflictont «, must vary 
invetscly with the sectional area A, and that ex 
must be constant, Tor tho cocllicionts tabulated, the 
sectional area to be used is that ab the snraller or 
outside end of convergent tube a, Wig, 24. 

For a short tube o, whose length is 92 inch, lesser 

iameter 1:21 inch, and greater diamoter 1-5 inch, 
e have found, from Venturi’s experiments, that 
= 607 if the larger diamoter be used in tho ealew- 
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Jation, and q== "984 when tho lesser ditmetor is mado 
uso of, the discharge taking placo under a pressiro 
of 2 feck $$ inches, 

The carlier experiments of Poloni, when reduced, 
furnish us with the following coolicionts +A. tube 7:67 
inches long, 2°167 inches diametor ab cach ond, gave 
qa$b4; tho like tubs with the inner or receiving 
orifico increased to 24 inches, cy=='908 5 inereased to 
3-5 inches, ¢,22'808 5 increased Lo 5 inches, ey ==-888 ; 
and increased bo 9°83 inches, ¢= 864. The depth 
ot head was 21:33 inches, the discharging orifice 
9167 inches dimmeter, aul the length 7°67 inches, in 
each cnso, : 

In tho conieally divergent tubo p, Tig. 24, the co- 
eficiont of discharge is larger Glin for tho samo tithe 
a, convergent, when tho water fills Doth tubes, and 
the smaller sections, ov Chose ut the same distanees 
from tho contres o 6, ae nade uge of in the caleu- 
lations, A. tube whose ingle of convorgened, 0, is 6° 
nearly, with a head of from L to 10 feot, whose axial 
length ig 84 inches, srialler dismoter Linch, and lar. 
gor diameter 1:3 inch, gives, when placed as at a, 921 
for the coefficiont; but when placed as atop, the eo- 
efficient increasey to 8. Tn the first cage. tho 
smaller aren, used'in both ealeulations, being the re- 
ceiving, and in tho ‘other the discharging, orifice, 
The cocfliciont of vefoaity is, however, larger for the 
tuhe g than for tha Guha v, aul the discharging jet 
of water hus wv greuter tunplitile in falling, ‘Tho 
effects of conically diverging tithes will, however, be 
better percvived from the experiments on compound 
short tubes, 
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ERYEOTS OF COMPOUND ADIUUAQES AND ADMIASION op Am 
: INTU BIOL TUREA, 

If the tubo A, Fig, 24, bo pierced all round with 
small holes at tho distance of about hull its diameter 
from tho reservoir, the discharge will be immediately 
reduced in the proportion of “814 to “G17, Venturi 
found the reduction for a tube 14 theh clinmotor ang 
44 inches long, ab a depth of 2 fect 104 inches, ag 4] 
to 81, or ag 823 to 622, As long as one holo 2. 
mained open, the discharge continued ab tho samo 
reduced rate; but when tho last hole was stopped, 
the discharge again increase bo the original quantity, 
Tf a small holo be pioreed in a tubo 4 dinmotors Jong, 
at the distanco of 14 or 2 diainetors ab farthest from 
the junction, tho discharge will romain unattected, 
This shows that tho contraction in tho eylindeical 
tube extends only & short distance front the junction, 
probably 14 ov 1} diamotor, including tho whole cur. 
yature of tho contraction, 

The contraction at the ontranes into wa lube from a 
reservoir accounts for the eoefieionts for a short (ube 
A, Fig. 24, and tho shorb turbos, diggs 1 and 2, 
Tig, 25, being each tho samo decimal nearly, when 


Vig. 25. 
OL RRA, 
a 





soars aor 


ors: 1:°8, or when or is not less than ox x ‘79, 
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. ‘ on . 
and is at the distance .of nearly - , @omon Tho 


form of the junction 0072 remaining as wo have do- | 
goribed it, the following coeflicionts will enablews to 
judge of the discharging powers of differently formed 
short mouth-piecos. ‘Choy have been deduced and 
calculated by us, principally, from Venturi’s ox- 
poriments,* 

These cocficionts show very clearly that any cal- 
culations from the mere head of water and size of the 
orifice, without taking into consideration tho form of 
tho discharging tubo and its connection with the re 
servoir, are very mneoriain; and that the discharge 
can only be correctly obtained when all tho ciremm- 
stances of the case, including the form of tho dis- 
charging ovifice and its approaches, have been duly 
considered. 

When « tube similar to diagram 6, Tig. 25, has the 
junetion oo 7 R vounded, as in Lig. 4, page 48, the 
outer extremity «287, such that sé or, 63 OZ 
and tho diameter sv sz l'8 times the diameter s 4 with 
ashore contral cylindrical picco ox s ¢ between, the 
coefficient of discharge corresponding to the diameter 
orars will increase to 1-493 or 1656; that is, the 


1.556 P a 
» Ory =e 25 times as much 
"One é 





' 23 
discharge is ~~. 
as through an orifice (whose diameter is o 7) ina thin 


Lens, ; 
plato, and ce == 1-9 times as much as through o 


* Seo Nicholson's translation of Ventari's Ixperimental Tn 
quirics, published in the ‘Uraets on Elydvaulies, Gandon, 1836, 
The cooflicients in tho tbe, noxt page, havo boen all calculated 
for the fiat timo by un, 

M 
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TADLE OF COEFFIGIENTS. FOR, SHORT TUBES AND MOUTIL-PIECES, 










CooMlclents | Coeflelenta 


1 hoe for the for {he 
Description of orifice, moutli-ploce, or short tuba, Pees eae eer ee 
' on or. 



































1, An orifice 14 inch diameter in a thin plate... +622 OTL 
2. A cylindrical tube 1} inch dinmeter and 4} 

inches long, 4, Fig. 24.. wren: +823 "823 
8, A short tube with a sharp end proje 

the cistern...-. 0.05 saci ati scayes't saeeee 715 1D 
4. A cylindrical tube, 3,.Fig. 24, having the junc- 

tion rounded, as in Fig.4, page 48....+.0005 ‘611, ‘056 
5. Ashort conical convergent mouth-piece, o, Fi 

24, of the proportions of oo7'r, Fig. 25. 007 +094 
6. The like tube divergent, with the smaller di 

meter at the junction with the reservoir ; 

length 34 inches, lesser diameter 1 inch, and 

“661 “918 







greater diameter 1:3 inch.....c.eeseeereees 
7. The tube, oo worn, dingyam 2, Fig. 25, when 
on=14 ineh, or=1-21 inch, wo = 1:21 inch, 
and 9 v=o1v==2 inches, the cylindrical por- 

tion being shown by dotted lines....... “G00 023 















8. The same tubo when o u==11 inches.,... ‘607 W878 

» Thé same tube when ow—=28 inches.......5 S31 817 
9. The tube, oossrérr, diagram 2, Fig. 25, in 
which oR=st=sT=1}4 inch, from o to 3 
1} inch, and ss==8 inches, gives the same co- 
efficient as the cylindrical tube, result No. 2 

. “823 1208 
















(see No. 19), viz... nome pesistei. 
. The tube, diagram 1 25,or=I1} inch... “804 1237 


. The same tube, having the spaces 080 and 
rtn between the mouth-piece oo” x and tho! 
cylindrical tube ‘os 7 R open to the influx off 
the WAGE. se eeyaccces tere neeessneeteeeens 
. The double conical tube, 00s T7R, diagram 3,| 
Fig. 25, when on=s1=1} inch, or=12}) 













‘785 1:200 








































inch, 0 0== ‘I2 inches, and o3=4+1 inehes.. “028 1499 

The like tube when, as in diagram 4, Pig. 26, 

oorn=ost?, and oos=1'8L inchs... see +828 1-200 
. The like tube when, sT==1+46 inch, and o8' 

=2-17 inches..,... see eeereeeeeresenscucs "823 Leca 
. The like tube when sr inches, and os==| 

9% inches... a “O11 1400 
. The like tube when o 

enlarged to 1-92 inch, eee] L020 1500 
~ The like tube when gs inches, and og 

=124 inehes....., pee nenensoteeceus L215 1855 
. A tube, diagram 5, Fig. 25, when os ==7 (== 9} 

inches, or==st=1+21 inch, and the tubol 

ostr the same as described in No. 12, viz, 

8T=1] inch, and ss=4+1 inches..........5 805 13877 





9. The tube, diagram 2, Fig. 25, when sv is en- 
larged to 1-07 inch, and ss to 7 inches, the| 


other dimensions remaining as in No. 9...... O45 dhl» 


4 When the junction of osrt with ssrt¢, dia- 

gram 2, Fig. 25, is improved, the other parts! 
remaining as described in No. 0. : “850 1/800 
‘BLT 1-403 







Another experiment gives.. 
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short cylindrical tube 4, Fig. 24, whose diameter ts also 
ov, Venturi was of opinion that this discharge con- 
tinued even when the central cylindrical portion or sé 
was of considerablo length; but this was a mistake, 
as the maximum discharge is obtained when it is 
reduced so that oorr and sszrshall join, as in 
diagram 8, Fig. 25. We sce from No, 16 of tho fore- 
going coefficients that = = 2°52 and ~ =1-91 aro, 
perhaps, nearer to the maximum results obtainable 
by comparing the discharge from a compound tubo 
oosrrR, diagram 3, Tig. 25, with thogo theough an 
orifice in a thin plate, and through a, short eels 
drical tube, When the form of wus 

the tube becomes curvilincal 
throughout, as in Tig, 26, 
sv=1l807r and os =9a7, : 
the coofficient suited to the diameter or will bo 167 





nearly, and the dischargo will be ao = 2-52 times as 


much as through an orifice or ina thin plate, 

The whole of tho preceding coefficients have beon 
determined from circumstances in which tho eo- 
efficient for an orifice ina thin plate was °G22, and 
for a short cylindvical tuhe 822 or -823, When the 
civeumstanees of head and approaches : in tho reser- 
yoir are such as to inerease or decrease those 
primary coeffigients, the other coefficients for com- 
pound adjutages will havo to bo increased or de- 
creased proportionately, : 

After examining the foregoing results, it appears 
sufficiently clear that the utmost effect produced by 

m8 
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the formation of the compound mouth-pleeao og pp R, 
with the exception of No, 17, is simply a restoration 
of the loss effected by contraction in passing through 
the orificc 0 x in a thin plate, acd that the coefficient 
2:5 applied to the contracted section ator ts simply 
equal to the theoretical discharge, ov the coefficient 
unity, applied to the primary orifice 0 Ry for, ag 
orifice o R: orifted o rt: L G4, very nearly, 
when oor rtakes the form of the vend-contracta, and 
the coefficient of discharge for an orifice o » in g 
thin plate is °622, wo get-tho theoretical discharge 
through the orifice o r, to tho actual discharge 
through an orifice o 7, so is 1 lo G22 X G4, 80 is 
1: 89808 :: 1: +4 very nearly; and as 4x Qb=1, 
it is clear that the form of the tuhe oa 8 t7R, when 
it produces the foregoing ‘effect, simply veslores the 
loss caused by contraction in the vend-contracta, 
Venturi’s sixteenth experiment, from which wo have 
derived the eoeflicients in No, 17, gives tho coefficient 
1-215 for tho orifice o x, This indicates that a 
greater discharge than the theoretical, through Ue 
receiving orifice, may bo oblained, Tt is, however, 
-observable that Venturi, in his seventh proposition, 
does not rely on this result, and Mytelweins expe.’ 
riments do nol give a large? couflicient than 26 
applicd to the contracted orifice o 2, which, we have 
above shown, is equal to the theorotival discharge 
through or. 
SILOOTS, 
When the sides and undor edge of an orifice or 
otch inereaso in thickness, so as to bo converted 
tto a shoot or small channel, open at the top, the 
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 goofficionts reduce very considerably, and to some 
extent beyond what tho increased resistances from 
friction, particularly for small depths, indicates. 
Poncelet and aise found for oviticos 8" x 8”, Unb 
the addition of & horizontal shoot 2L inches Jou’ 
reduced tho satu from G0 to ‘GOL, with a head 
of about 4 foots ut for a head of 44 inches the 
cociicient fell from -h'72 lo “83. Tor notches 
8" wide, with the addition of a hovizontal shoot 
910" long, the eochicient fell from 482 lo 479 for 
ahead of 8"; and from 622 to 340 for ahead of 1, 
Castel also found fora noteh $" wide, with the addi- 
tion of & shoot Song, inelined 4° 18', the mean co- 
efficient for heads from 2” to 44’, to bo $27 newly, 
The offeets avising from friction alone will be per- 
eeivodl from tho short table ab the boginning of this 
section, p. 162, 

Tho orifive of entry into x shoot. and. its position 
with reforones to the sides ail bolton’ modify the 
discharge, tho head remaining constant.  Lesbros} 
has givon tho coeflicionts snited to different positions 
of shoots both within and without a cistern, and 
from notehes and submerged orifices ; but, however 
“valuable these wwe in some respects, thoy are of little 
practical use to Che engineer, ‘The general prinelples 
which are involved in the modification of these coafli- 
cients have, however, heen wrenly pobtted oub by us 
when discussing the effects of the position of the 
orifice, and the addition of short tubes, on the dis- 
charge, Equation (742,), p. 188, ix here applicable, 


ernie ULydenntignna, pp. (det Oa, 
t Vide Movin's Uydraulique, dousidme édition, pp. 20 at 40. 
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SEOTION VII. 
| LATERAL CONTACT O CIE WATER AND CURV.-—ATMOSPTIRT 
PRESSURE,—IEAD MEASURED ‘LO TI DISCHARGING ont 
FICH,—CORFVICIENT OF RESISTANCE, —FORMULA VOR iy 
DISCHARGE FROM A BUORL LUN. — DIALITRAGMS, —~ op 
LIQUE JUNOLIONS,—FORMULA FOR TM CIM op qyy 
SURFACE SINKING A QIVEN DNPUIL—LOOK CHAMBERS, 
The contracted vein 
or ig about ‘8 times : Fig.27 
the diameter o x; bul 
it is found, notwith- 
standing, that water, 
in passing through a 
short tube of not loss 
than 14 diameter in length, fills tho whole of the 
discharging orifices, ‘Chis is partly effected by 
the outflowing column of water carrying forward and 
exhausting the air between it and the tubo, and by 
the external air then pressing on the column so as to 
enlargo ils diameter and full the whole tube. When 
once the water approaches closely to tho tube, or is 
caused to approach, itis attracted and adheres with 
some force to it, The water heliween tha tube and 
the vena-contracta is, however, rather in a state of 
eddy than of forward motion, a8 appears from. the 
experiments, with the tubo, diagram 2, Fig. 26, 
giving the samo discharge as tho simple eylindrical 
tube, If the. entrance be contracted by w dinphragm, 
as ator, Fig. 27, the water will also goucrally fill 
the tube, if it be only sulliciontly long, Short eylin- 
drical tubes do not fill when the discharge takes place 
in an exhausted reccivor ; but even diverging tubes, 
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p, Fig. 24, will be filled, under atmospheric pressive, 
when the angle of divergence, 0, does not exceod 7 or 8 
degrees, aid the longth be nob very great nor very short, 

When « the ix fitted to the battom or side af a 
vessel, te ts found that the cischarge tis that duc to 
the head measured from the starfice of’ the water lo 
the lower or discharging catremity of’ the tube, Tt 
must, however, be sufficiently long, and nob too long, 
toget filled throughout, CGuiglielmini first referred 
this offect to atmospheric pressure, bub the first 
simple oxplanation ts that given hy Dr. Mathew 
Young, in. the ‘Transuctions af tha Royal Trish 
Academy, vol, vii, p. 66. Vonturi, also, in his fourth 
proposition, gives uv demonstration, 

ho values of the coofieionts for short cylindrical 
tubes,-which wo have given p. 16%, havo been derived 
from experiment, Cooficients which agrees pretty 
closely with thom, and whieh aro derived from tho 
cocficionts for the discharge through an orifice in a 
thin plate, may, however, be calculated as follows ; 
Let o'be tho sven of the approaching seelion, Iig. 27, 
atho area of the discharging short tube, and «tho 
area of tho orifice o rn which admits Lhe water from 
the vessel into the tnbo: also pub, ws before, 2 for 
the head measured from the surface of the water to 
the contre of the tube, and diaphragm on; » for the 
actual velocity of discharge al st; ¢, for the velovity 
of approach in the soction « towards the diaphragm 
oR; and c¢, for the eoollicient of contraction in 
passing from ar (oor; then wo haveo Xa, AX 2, 
tho contracted section ox = «, x «, and consequontly 
the velocity at tho contracted soction is oqual to 


“4 
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ae Now a theorotia al head a to 
ae, rN 





is necessary to change tho Santis v, into » by the 
action of gravity ; but as the a ae tho contracted 
section o7, moving with a velocity“ 1 "., strikes against 
the water between it and 1s, movin “ “fon tho nature 
of the case, with a slower velocity,” a certain logs of 
effect takes place from tho impact. If this be, sup. 
posed, sudden, then writers on mechanics have shown 
that a loss of heacd, equal to that due to the difference 
of the velocities, — v, before and after the impact 
must take place, This loss of head iy thorefore equal to 
A Lan 
vat v' 
Ge 
A 29 ? 
whence we must have tho whole head, . 
ge 
(Hier De 
(60.) A= dy 
from which we find for tho velovity from a short tube, 








i 
6.) v= V2g 7 ye 
— iia a+ (om 1) He 


‘Now, as 4/2 gh would be tho velocity of discharge 
were there no ‘ian or loss sustained, it is 


svident that fa 





3 ; 
1) becomes as ib 


* Vide Sir Robort ce iat of Ruhhnan’s book on 
forizontal Water Wheels, p. 49. 
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wore & coofliciont of velocity, When tho diumeter of 
the diaphragm o x beconies equal to the diamoter s 
of tho tubo, Asa, and as the eoeficiont of velocity be- 
comes equal to tho coeflicient of discharge when there 
isno contraction, wo gel in such case this cociliciont, 
which wo shall also call ¢ af, oxpressed by the formula 


L le 


and when tho ian section 0 is very largo 
compared with tho area a, 


sO fred. ea oe 

oy. LAG) 
Tho, = 64, wo shall find from tho last equation 
cof = ‘872; if ¢, = 001, eof B33; if 0, = ‘017, 
cof 847; and if o, = 621, c0f = 856, ‘These 
results aro in oxeess of those derived from expori- 
mont with cylindrical shorG tubes, perfectly square 
at tho onds and of uniform bore, As some loss, how 
ever, takes place in tho eddy between 0» and tho 
tube, tnd from the friction ab tho sides, not taken 
into account in the above calculation, thoy will ac- 
count for the differences of nob moro than from 4 to 

*Whon tho diaphragm ix pliced ina tubo of uniform boro, 
thon a= A, and wo shnll pot 


Coy == 
fe 5 





. “a No t 
and the logs of hoad, in passing the diaphvagm, becomes 


ha (- Ya ay 
It is ovident from tho equations that * mid e, depond mutually on 


eachothor, and that thay enol ba dain arbitvarily, Seo equations 
(66), (67), (128), (124), and (128), with the corresponding romarks, 
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6 per cent. between tho calculation and experiment, 
If e, be assumed for eateulation eqnal B90, then 
‘cof= 821; and as this result agrees yery closely ' 
with the experimental onc, ¢, should bo taken of thig 
yalue in using tho foregoing formule, from (60) to 
(68), for practical purposes, ‘Tho thickness of the 
diaphragm itself and the relation of that thicknegg to 
the diameter, as well as the form of the orifice a, we 
necessary elements in the consideration of Lhis question, 


CORFRICIENT OF RESISTANOE,—HOSS OF MECIANICAT PowsR 
IN THE PASSAGH OF WATER THROUGH HIN PLATHS AND 
PRISMATIO TUBES. 

The cooflicients of contraction, velocity, and dig 
charge ‘have been already defined, The cogfictent of 
resistance ts the ratio of the head due to the resistance, 
to the theoretical head due to the actual or final 


velocity, Ifv be this latter velocity, tho theoretical 
a 
head due to it is ay and if ¢, be the cooflieient of 


resistance, then the head dno to the resisted itself 
22 oe . i 
is, from our definition, e, x ay" Now if «, be the 


coefficient of velocity, the theorotical velocity of dis- 


charge musi be -, and tho head duo to it is equal 


8 Y 
exag! but as the theorotical head duo to v is 


Vv 
7 we shall have 
he a 1 v 
ax ig ag Cana, 
: the head due to the resistance; and, therefore, 
on. our definition, the coefficient of resistance 
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1, 
(64.) Oe = oa mol; 
- from which we shall find tig cootticiont of velocity 
—f.4.% 
(6. can ea 


Theso cruations cnablo ts to caleulate tho coefficient 
of resistance from the coeflicient of velocity, and 
vice versa, Uf eo, 1, 6, = 0, a8 it should be. ‘The 
following short twble, watlortnta from equation (65), 
will: bo of use, In short tubes, the coefficient of 
yolocity c, is cqtal lo tho coofliciont of discharge ey. 


CUREPLCIENTH OF YETOOULY AND RESIRPANCK, 
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Tho coefficient of velocity for an orifice in a thin 
plate, or for a mouth-pioce, Wig. 4, is 07d; while 
that fora short prismutio tubo, A, (ip, 2, is 814: 
nearly. ‘The coefligiont of resistance in tho former 
casé is ‘OfeL, and in the latter 608; there is, there- 
ford, 04. times as grout a loss of mechanical power in 
the passage through short prismatic tubes, as Chrough 
orifices in thin plates or tubes with a rounded june- 
tion, as in Fig, 4, tho quantities of water discharged 
and the discharging volocitics being the same. 

If tho quantities discharged and tho heads bo the 


same in both cases, then wo shall live 
: oe oa 
T7x Ble = a7 x VT equal the head ; 


* Soo tha trebles of rosistuncos, dischuryo, and contraction, 
pp. 174 and 170. 


' 
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a 3 

that is, gO cay = HI9 oe jy OF O49 v2 = G63 vt; 
whence we get ov? = ‘698 wand w= L431 vitor the ro. 
lation of the discharging velocities, v,, from an orifice, 
and, », from a short tube. ‘the hoight due to tho rg. 

sistance is thercfore, ae) dg for short pris. 

I 1-431 of 

matic tubes, and (sy7qa~ 1) © gy for orifices in 
thin plates. These are to cach other as ‘608 to 
054 x 1431, or as 5-08 to -773, that ig to say, 
the loss of mechanical power arising from the re. 
sistance in passing through short tubes ts 65T times 
as great as when the water passes through thin plates 
or mouth-pieces, as in Tig, 4; and tho, discharging 
mechanical power in plates, is to that in tubes ag 
1481 to 1, or as 1:'698, the heads is quantities 
discharged teing the same. 

The whole losg of mevhanieal power in tho passage 
is 5-4 per cent, for the plates, and about 61 per cent, 
for short tubes. If the loss compared with the whole 
head bo ae we get, when » is tho discharging 


velocity, a g for the theoretical velocity duo to the 


’ wt ow - 
head in short tubes, and its SUUWO syria = GH 


is as the whole head ; therefore, the whole a is to 
the head due to the discharging velocity as - i a3 to v*, 


vas 1 to 663; and as 808 is tho coofliciont of TQ 
itance* for tho discharging velocity, ‘608 x +863 
‘337 is the coeflicient of resistance duo to the 


* Tablo, p. 171, 
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wholo: head; this is equal to a loss of 84 por cent. 
neaily, or about one-third. fn like manner, we (ind 
9742 X 1064 = 0512 for tho cocllicient when Ue dis. 
charge takes place through thin plates, ov 64 per 
cent, of the wholo head, 


DIAPINAUME, 
When a diaphragm, oR, Tig. 27, is placed at the 
entrance of a short tube, wo have ie page 168, 
A 
mcesom| 
hy 
that a loss of head equal - ty - takes place 
a 


when v is the discharging aL nnetio the co- 


eflicient of resiatiuiea in equal to (;* i 1), »* according 


to our definition, ‘The coollicient of contraction Coy 
as we have before shown, pago 170, should bo taken 
equal to ‘690 ii tho application of formula (63); and, 
as it must algo bo taken equal to about 621 when the 
area of tho tube a is very largo compared with the 
area a of the orifices OR in the diaphragm, wo may 


assumo that when A is equal to 

6 4% wad 
successively, tha cocfliciont ¢, must be liken equal to 
“021, 618, G16, °619, GO, BOG, Aon, 00, f07, 60a, and 590, 
in tho samo order, As the approaching section. o 


* Vor tho suddon alteration in the velocity passings through a 
diaphragm, wo mist reject the hypothesis af D'Aubnisson, 
Traite UUydranliqhe, p. 288, and adopt that of Nevier, duking 
the losa of hend ta correspond to the square of the differenco mid 
not to tho difference of tho kqunres of tho velocities in and after 
passing tho orifices, ‘Cho evalliciont of contraction must, however, 
be variod to suit tho relio of the channels, os itis in dhis and the 
following pages, 
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may be considered exceedingly large, the valuo of 
the coefficient of discharge or velocity, as the tube 
orst is supposed in equation (61), becomes 


oe i 
66.)’ <= AL 
See]! 
and the coefficient of resistance 
a A. a 
(67.) 0, = as 


from which equations and the above values of ¢,, cor. 
. a . ‘ 
responding to <, we have calculated the following 


values of the coefficients of discharge and resistance 
through the tube ors, Fig. 27, 


COEFFICIENTS OF CONTRACTION, DISCHARGH, AND ROSTATANCH FOR DIAPNRAGNE, 


ie 
OO | O21 | 000 Jinilnite.} OO | OO fd | Bb 
OL | GIG | ONG | Bw OF | WOO | HBT | L007 
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In this tablo ¢, is tho coefficient of contraction, ¢, 
the coefficient of discharge, suited to the larger section 
of the pipe a, ab sv; and e, the coefficient of re- 
sistance. The dischargo is found from equation (61), 
as o ig here very large compared with a, to be 


TA.) paavVdghi, 7. 1+(4 =): 


=a VIgh {ee rea} = ASD Gh, 
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at i : A148 
The cocicient of resistunce «, is here equal G es 1) ; 


and the cooflicient of discharge = (l Lee 

The tubo must bo so placed, that the water, after 
passing tho diaphragm, shall fil it; for instanco, 
between lwo cisterns, when tho height A must bo 
measured between the water surfaces, or when the 
tube is suffiviontly long to bo filled; in thig case, 
however, the height must be determined Jrom the dis. 
charging velogity, as a portion of tho head is required 
to overcome the friction, which we shall have im- 
mediately to refer to moro particularly, 

Tho table shows that the head duo to the resistance 
fs 6:3 times that duo to the discharging velocity, 
when the avea of tho diaphragm is half tho area of 
the tubo; that is, the wholo head required ig 6. 
times that due to’ the velocity, and tat the coefli- 
cient of dischargo is reduced (0 +399, Ty order to 
find the cocfigionts suited Lo the smaller area of the 


‘orifice in the dinphrugm ox, when it is to he used in 


calculations of tho discharge, we haye only to divide 


; a, 
the numbers corresponding to a ito those of ¢, op- 


, a 
posite to them in the table, "Thus, when a = 8, we 


havo the cofliviont of discharge suited to the aren a, 


* For tho loss suatnined hy contraction in the bore of a pipo 
by a dinphrngm, seo equations (128), (124), amd (125). ‘Vho 
fetual valuo of 6, in cquntion (87a) depouds on the thickness of 
the dinphragm as woll ax on the velution of a anda. ‘Lhe form 
of the orifice @ algo alvats tho value Of oy. 


’ 
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“675 


E “equal = ‘844, and #0 of other values. of ' the 


ratio *. The eceMcionts in the table, page 174; aro 
for the larger orifice a in the formnla p = A ey VIGh 
SHORE TUBES OBLIQUD AT THE JUNOVION. 

When a tube is at- 7 
tached obliquely, as in 
Fig. 28, we, have found 
that if the number of |, 
degrees in the -anglo 
to 8, formed by the 
direction of the tuhe o gs, with the faricidice oY 
be represented by ¢, then ‘814.— -0016 ¢ will give the 
coefficient of discharge corresponding to the obliquely 
attached short tube in the Figure. ‘This formula js,. 
however, empirical, bit it is simple, and agrees pretty 
closely with experimental results, As tho coafficient 











: 1 F ‘ 
of resistance is equal BO 1, oquation (64), we have 
v ae ‘ 
Re rrnean: ean 
cre ¢ = (RTE HOG dy 
we have calculated tho followin® tablo for heads 
measured to the middle of tho outside orifice +— 


; from those equations 


OORFFICIENTS OF DISCHARGE: AND NESINTANGH VOR OBLIQUH JUNCTIONS, 
ne = a Fyne 

9 CooMlelent } Cochctent * CooMletont } actotent 
In dugrees. j of discharge. of resistance, of divchnrgo, | of realstanco, 
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The'cooficiont of rosistunca for a tubo at ight angles | 
to the side, is to tho like coefficient when ib makes 
avangle of 45 dogroes.us G08 to ‘816, op as L to DG 
neatly; and theloss of head is greater in the sime 
proportion, Uf the short tube be amore than three or 
four diameters in longth, friction will have to be taken 
into account, ‘The hea sf 4 is measured to tho outside 


orifice. 


FORMULA TOR ‘FINDING TM LINN TIEN sUREAOR oF Water 
IN A OISPERN WAKES tO SINK A GIVEN DEPvTIL—DIg- 
OUARGH PROM ONH VESSET OW OILAMAEN INO AOFM 
LOOK OAM BERS. 

Tn experiments for find- 
ing the valué_ of the cocti- 
cients of dischuteo, one of 
the Best methods is Lo ob 
-sorve the time the water 
“discharged fram tho orifice 
takes to sink tho surface iw prismatic cistorn agiven 
depth; tho ratio of ‘the obsorved to tho theoretical 
time will thon give the coofteiont sought, vA formula 
for finding tho theoretien] time j is, therefore, of much 
practical valno, In Tig. 29, the limo of falling from 


stto ss, in seconds, is 
A 4 
Se = to iap a (bh) — A), 
in which @ is the area of tho orifies o n, and a the 


area of tho prismatic vessel ats ov sv; this formula ig 
for measures in feck. Tor measures in inches, wo haye 


(08) eel (Geb ap 


Exaurnr VII. A cylindrical vessel 6°TA inches in. 


diameter has an orifice % inch in diameter ata depth 
N 
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of 16 inches below the sunfice, measured to the centre } 
it is found that the water sinks 4 inches tn 51 seconeds ; 


what is the coefficient of discharge ? 
The theoretical time ¢ is found from sanaiien (69), 


equal our 
5-742 x *7854 ie? i 
Tasca Tes 18 1B} =— a RG {434641}, 
__ 176566 
= 56 
is the coefficient sought. When the orifice or and 


ag pigier: section of the vessel are similar figures, 





31:8 
X ‘5359 —=31'8 seconds; hence, Bp= ='624 ° 


Ut 
sis equal 5 rei and therefore, for circular cisterns 


a ice it is unnecessary to introduen the mul- 


tiplier -7854, 
We have given above, formule for the time water in 


a prismatic vessel takes to fall a given depth, when dis- 
Fig. 20a. ‘ 



























































charged from an orifice at’ the side or bottom, The time 

the surface s 7, diagram 1, Fig, 29u, takes to rise 

tos ¢, when supplied through an orifice or tube or, 

from an upper large chamber or canal, si surface 
_2aft 

avi, 

* The time of rising from $ tos is exactly double the time it 


would take, if the pressure f remained uniform, to fill the same 
depth below Rr, 


st’ remains always at the same level, is yo 


1 
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and we thence get the time of rising from zr to s for 


measures in feet 
A 


(694,) ‘= poisgalt4 
and for measures in inches 

A 
(698.) t= Haat —fi}, 


in which Ais the area of the horizontal section at s7; 
é the sectional area of the communicating channel or 
orifice oR; c the coefficient of discharge suited to it, 
and A, and f, as shown in the diagram. 

In order to find the time of filling the lower vessel 
to the levels", supposing it at first empty, we have 
the contents of thé portion below o x equal to shy, 
and the time of filling it equal to 

Ah, 
(690) 9 095 c,h 
then-the time of filling wp to any level s 7, for mea- 
sires in fect, is equal to the sum of (a) and (c); 
that is, 


(69p,) TS 80M oa 


hy Th 
_ A (2hy-+ Ig 2f tH) 
=~ "B0i5cant ? 


Alt {2 hy an 


and for meagures in inches 
alt hy 27) 
a): = stead i, a . 
_ AA + lg 2 Fd) 
=, 27-8 cah} 
When sv coincides with s¢ 


‘ A (2M + Aig) 
(688) T= $025 Cy ah}? 
for measures in feet, and 





NB 
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; A(Qh +h, 

(69¢,) ra Sete, 

for measures in inches. These equations are ex. 
actly suited to the case of a closed lock-chamber 
filled from an adjacent canal. 

When the upper level s' 1’ is also variable, ag in 
Diagram 2, the time which the water in both vessels 
takes to come to the samo uniform level s'é' s ¢, is 
(on) 1 ZAC AA MY. BALA 

: =qqa(ato/2g — ca(a+o)/2g' 
in which Ay + fp -h=f+ Ais the difference of 
levels at the beginning of the flow; c tho horizontal 
section of the upper chamber ; and tho other quanti- 
ties as in Diagram 1. Asofi= aj; wo find 

fhe itp ate 
Now, in order to find the timo of falling a given 
depth d below the first level s' 1’, we havo the head 
above s'é's ¢ equal to,4—d in tho upper veasel, and 
the depth below it in the lower vessel cqual to 








oh), whence the difference of Jevels in the two 
vessels at the end of the fall ¢, is 
of, oth 2) a A+oO 
fad + SAO ATO pa, 

The time of falling through d is, therefore, from 
equation (69 4), 

O-- A t 
_ nocrepe el )ama} 
~ Qa(a--o)/2g eas + 0) 2g 


2a0 (A + 0) tae 
=r tavls Tata fem a Ca 3), 





391.) 
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in which /27 = 8-025 for imeasnres in fect, and 
oqual 27°8 for measures in inches, Tho whole time 
of filling to a level tho lower empty vessel, is found 
by adding the time of filling the portion helow r, de- 
termincd ina manner similar to equations (68) and 
(69) to bo 


20 om a i , Aydt 
(98) Fa ray FAY-Gati—2)} 





C 


to tho time of filling above x, given in equation (11), 
when # is taken oqual to zero, [quations (11), (1), 
and (ac) ave applicable to the case of the upper and 
lower -chambors of a double lock, alter making the 
necessary chango in the diagrams, 

Tho above equations require further extensions 
when water flows into the upper vessel while also 
flowing from it into the ower ; such extensions aro, 
howover, of little practical value, and wo therefore 
omit them, Jor sliuices in flood-gates with square 
arises, ¢, may he taken ub about +646, but with 
rounded arises, the coefficient will viso much higher, 
Seo Suorrons ITE. and VI. 
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SECTION VIII. 


FLOW OF WATER IN UNIFORM CHANNEDS.—MUAN VELOCITY, 

MEAN RADIL AND ((YPRAULIO MUAN DEVINS.—BORDER, 

© IRAIN,—IYDRAULIO INGHINATION.—HPEROS OF WIG. 

TION, —FORMULA! FOR CALCULATING UI MEAN VELOcrry, 

—APPLIGAYION OF (HE YORMULAL AND TAREMS £0 ey | 
SOLUTIONS OF THRE USEFUL PROBLEMA, 


In rivers tho velocity is a maximum along the 
central line of tho surface, or, more corrcetly, over, 
the deepest part of the channel; and it decreaseg 
thence to the sides and bottom: but when backwatoy 
arises from any obstruction, cilther a submerged 
weir, Fig. 22,or a contracted channel, Fig. 23, the 
velocity in the channel approaching the obstruction 
is a maximum at the depth of the backwater below 
the surface, and it decreases thence to the surface, 
sides, and bottom. When water flows in a pipe of 
any length, the velocity at the centro is preatest, and 
it decreases thence to the sidey or circumference of 
-the pipo. If the pipo be supposed divided into two 
‘portions in the dircotion of its length, the lower por. 
tion or channel will be analogous to a small river 
or stream, in which the velocity is greatest at the 
central lino of the surface, and the upper portion will 
be simply the lower reversed. A. pipe flowing full 
nay, therefore, bo looked upon ns a double stream, 

‘d we shall soon seo that the formulw for the dis. 

wge from cach kind are all but identical, though a 

emay discharge full at all inclinations, while the 

inations in rivers or streams, having uniform 
don, never exceed a few feeb per mile, 
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MUAN VELOCITY, 


Ib is found, by experiment, that the mem velocity 
is nearly independent of the depth or width of the 
channel, the contral or maximum velocity being: Uho | 
game rom a imunber of experiments, Du Bud 

“derived ompirical formula equivalent to 


a 
vat tov—viH, vyra(v' — 1), and v==(vi-+ 1); 


in theso equations » is the mean velocity, v the max- 
imum surface velocity, and y, the velocity at the 
sides, or bottom, expressed in French iuehes. Tables 
eleulated from these formulw do not .give correct 
results for measures in English jnehes, thongh they 
are those generully adopted, Disregarding the dif- 
ference in the measures, which are as 1 to 10678, it 
will be found that, in the generality of channels, the 
mean velocity is not an arithmetical mean between 
the velocity ab the central surface Tino and that at 
the bottom, though nearly so between the mean 
bottom and mean surface velocities. Dy. Young,* 
modifying Du Buit's formula, assumes for English; 
inchés that v -- vo! = v, and henee » =v -+4-(v -+-4)4 
This gives results very nearly the same as the other 
formula for », but something less, particularly for 
small surface velocitios, Tov instance, Du Buit’s 
formula gives -6 ineh fov the mean velocity when 
the central surfaco velocity is 1 inch, whereas Dr. 
Young’s makos i638 inch, - For largo velocities both 
formula agree very closely, disregarding the differ- 
ence between the measures, which is only seven per 


* Philosophical ‘Lrmnsactions, 1808, p. 487. 
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cent. -They aro best suited to vory small channels or’ 
pipes, but unless at mean velocitios of about 8 feet 
per second, they aro wholly inapplicable to rivers, 

Prony found, fom Du Baits experiments, that 

: QITST+W 
for measures in metres. x aly 53 LB 3) v, in which 
y ig also the maximum surface volocity, This, re. 
duced for measures in English fect, becomes 
7788 +- Vv 
(0) »=(ipai5 
and for measures in English inches, 
7 98:39 + ¥ 

(71) =(REu py)" 
For medium volocities v= ‘81 v. The experimenis 
from which these formule were derived were made 
with small channels, We havo calewlated the values 
of » from: that of y, equultion (71), and given the 
results, in columns 38, 6, and 9, in Tanne VIL, 
Ximenes, Funk, and Briinning’s experimonts in 
larger channels give the mean velocity at the centre 
of the depth equal “P14 y, when tho contrat or 
‘maximum surface velocity is vj; dnt as tho yelocity 
also deereases in newly tho samo ratio at the surface 
from the centre to the sides of the channel, we shall 
get the mean velocity in the whole section equal 


* Francis, Lowoll Mixporimonts, p. 150, finds this formula to 
givo 15 por cont. less than the rosult found by wor monsuremont 
from the formula p = 8:88 (0-"L 2 A) Ag, Hho quantity discharged 
reing about 250 oubie feot por second, anit tho volocity about 32 
ret. Tt appears, however, that Iraneis uses the moun surface 
dlocity, and not tho maximum surfice velocity required by the 

nmuln: if the latter were used, the difference would bo reduced 
2 6 por 20nt,,.or Uncrenbouts, in equation (72), 


i 
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Old x O14 v = 835 vy; and hence’ wo havo, for 
large chanucls, 

(72.) ox 835 vy, 

in which equation v is tho aaron velocity at the 
surface, We have also caleulated the values of » 
from this formula, and given the vesulés in columns 
9, 6, and 8 of ‘Tantn VIL. ‘This table will bo found 
to vary considorably from those caleulated from Du 
Bud’s formula in Trench inches, hitherto gonorally 
used in this country, and much moro applicable for 
all practical purposes. 


MBEAN RADIUSE——-IYDRAULTO MEAN DEPUL—BORDER,— 
COMIYIOIUNY OF URICTION, 


If, in the diagrams 1 and 
9, Fig, 80, oxhibiting tho 
scctions of cylindrieal and 
rectangular tubes filled with es 
(owing water, tho aveus he d ; 
divided respoctively by tho por imotors AOBDA Land 
ABD GA, tho quotionls are termed © che mean radii” 
of the tubes, diagrams Land 2; and the perimoters 
in contact with tho flowing water avo termed “the 
borders.” Tn tho dingrams 3 and 4, tho surfaco A 2B 
isnot in contact with tho channol, and the width of 
the bed and sides, taken together, Ao DB, becomes 
“the borden” The mean radius” is equal to tho 
wera RDda A divided by the length of the border 
Aopa, “Lhe hydraulic mean dgth” is tho samo 
as “the mean ractives,” Chis later torm being perhaps 
most applicable to pipes flowing full, as in diagrams 
Land 2; and tho former to streams and rivors which 






shia 
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have a surface linc A x, diagrams 8 and 4. Wo shall, 
throughout the following equations, designate tho 
valucof the “mean radius,” “hydraulic mean depth, 

areca A n Db a A 
* porder BU v 
here that for eylindrical pipes Howing full, or rivers 
with semicircular heds, it ts ukouys equal to half the 
radius, or one-fourth of the diameter, 

Du Buat was the first to obsorve that the head 
Aue to the resistance of friction for water Mowing in 
a uniform channel increased directly as the length of 
the channel /, directly as the border, and inversely 
as the area of the cross-flowing section,t very nearly ; 


or quotient * by tho letlor 7, remarking 


, i. , 
that is, as —. It also increases as the square of the 


velocity, nearly; thereforo tho head due to the re.’ 
od 
sistance must be proportionate to , agi Ife, x im 


= hy then ¢, is the cocficienG for the head dus to the 
resistance of friction, as 4, is tho bead necessary to 
overcome the friction; ¢, is therefore termed © the co- 
gfficient of friction,” 


%* M, Girard has conceived it necosaary to introdueo tho oof. 
ciont of correction 1:7 us a multiplicr Lo tho border for finding 7, 
to allow for tho incroasad resistance from aquatic plants; so that, 
according to his reduction, 

fron 
= 17 bordor’ 

Seo Ronnio’s Vivst fiat on Tlydrantios ag a Branch of En 
gineering ; Third Report of the British Association, p. 107; also, 
quation (85), p. 201. 

f Pitot had proviously, in 1720, remarked that tho diminution 
‘ising from friction in pipoy is, ceteris paribus, invorsely as tho 
samuters. 
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HYDRAVIIO INCLINATION. TRAIN, 


If Zhe tho length of a pips or chamel, and A, tho 

height due to the vosistance. of frielion of water 
; hy, = a Bi tov. aeem cet 

flowing in it, then - L is the hydraulic inclination, In 


Tig, 81 tho tubes an, Gn, of tho samo length 7, and 








whose discharging extremities wand p are on the 
sume horizontal plano » p, will have tho samo hy- 
draulic inclination and tho samo discharge, no matior 
what the actual inclinations or the depth of -the en- 
traces ab A and @ may be, so they be of the sane 
kind and bore ; and as tho velocities in AB and op 
are the same, the height 4 due to thom must be the 
same whon the cireumstunces of tho oriliees of entry 
aad o are alike, We have tho wholo head 12h ++ 
A, (seo pp. 166 and 167), Cho hydraniic inclination is 
not therfore the whole head i, divided by the length 
fof the pipe, as it is sometimes mistaken, but the 
height 2, (found by subtracting the height 4, due to 
the entrance at a or co, and tho velocity in the pipe, 
from the whole height) divided by the length & 
When tho hoight 2 is very small compared with tho 
whole height u, as it is in very long tubes with — 


; ‘ hy, 
moderate heads, 7 may be substituted for 4 without 


ror; but for short pipes up to 100 feet in Jongth 
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the latter only should be used in applying Du Buat's 
and some other formule; otherwise the results will 
be too large, and only fit to be used approximately 
in order to determine the height 4 from tho velocity 
of discharge thus found. When the horizontal pipe 
c », Fig, 23, is equal in every way to tho inclined 














pipe 4 z,and the head at 4 is that due to tho velocity 
in cp, the discharge from the pipe a 2 will be equal 
to that from cp; but a peculiar property belongs 
to the pipe az in the position in which it is here 
placed; for if we cut i short at any point ¢, or 
lengthen it to any extent, to ©, the discharge will re- 
main the same and equal to that through the hort 
zontal pipe cp. The velocity in a B at the angle of 
inclination anc, when ac=h,, and AB=cD, is 
. therefore such that it remains unaffected by the 
length az or ae, to which it may be extended or 
cut short; and at this inclination the water in the 
pipe AB ts said to be “in train.’ Tn like manner a 
river or stream is said to be “én train” when the 
inclination of its surface bears such a relation to 
ithe cross section that the mean velocity is neither 
decreased nor increased by the length of the chan- 
“nel; and we perceive from this that the acceleration 
caused by the inclination is exactly counterbalanced 
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by the resistances to the motion when the moving water 
in a pipe or river channel is in train, 

ve ; : 
As h=(1+e,) 7 where c, is the coefficient of 
the height due to the resistance at the orifice of entry 


27 
Aor 6, and fp = Cy a3 we therefore get 


: v qy ly, v 
(8) Ha (+e)ge bax go (Ltetem) aa 
aud: hence we find the mean velocity of discharge 


a sa 3 
298 ax4g% 3 


(4) o={———j} = 
1te+ea5)  (dta)e+i 


or, 
2gH y4 Qgur yt 

— 1 t = . . 

ao aes [3 +42] zie 


ac io equation (65), We have also : 





7 
the values of the second member on the right hand | 
side of this equation, or of 


1 3 
1 t 
feed] 
are given, for different values of Cy Oy and ., in the 


small table at p, 162, and below at p. 191. 7 
When & is small compared with A, or, which comes 


1 i 
= KT . 
(43) w= V/dgax [Zyexd| ; 


to the same thing, 1 + ¢, small compared with c, x 4 
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iv 
(75.) 7 We x gr 
and 
1) 4 
2 Ara 
(76.) o=| te . 
C; 


Tf, in the last equation, we substitute » for i eqqal 


the sine of the angle of inclination a B ©, Wo then 
have 

2g7s\*, 
(77) vm 4 ' 
The average valuo of co, for all pipes with straight 
channels, with velocitics of about 1+5 foot per second, 
is -0069914, from which we find equation (77) be. 
comes, for measures in fect, 
(78.) 9296 7s. 
As the mean valuo of the coefficient of resistance Gy 
for the entrance into a tubo ig ‘508, and as 
2g = 64-403, and o, = 0009914, equation (74), for 
measures in feet, becomes 





¢ 644.08 1 3 
ee ee eer ae 
ee + aaa ' 
(79.) of { a Ve | we | 
oO 98dr+-000 1087) =! lesa oRT 


_ ud } 
= {eeaa-1-o0nt} 
This, multiplied by the section, gives the discharge. 
For velocities between 2 and 24 fect per second, 
+= 0064403, and therefore 
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a ee ri}’= nOl.. ud it 
v= {gui + dovrey =" {oi +4? 
jn which @ = 4 == diameter of a pipe, 
The following tublo is calculated from equation 





1 ' 
Varuxs or | 1 





+X : 


r 
















Number of dtumo- 
tere dn the Wugth 
of the ply. 


Correaponding coonel- 
ents of disuhargo, 











Number ofdlamo- | Corresponding euomot- 
ters in tho longeh ‘onty of lacharyo, 
of the pljtvs 
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(74x) for a velocity of about 20: foot per Second, 
when c= 004.556, and for different orifiess of entry, 
in which ec varies fy om ‘986 for a rounded orifes, 
to ‘718 when the’ pipo projects into ‘the vessel, If 
gives directly tho coeflicient, which, .multiplicd by 
/ 71x, gives the velocity in tho pipo, taking friction 
into account. 

The small ae Snovion VI, ‘y 1 Ds ue gives tho te 
00699 suited os a ene of about 18 inches per 
second, and can bo applicd in liko minor: The 
value of /2gut is given, in inchos, in column 9, 
Taste IL, For fect it is equal 8/1 nearly, 


DU BUAL’S FORMULA, 


The coefficient of friction ¢, is not, however, con- 
stant, as ib varics with the velocity, hat which 
we have just given answors for pipes when tho 
velocity is 20 fect per sccond. For pipes and 
rivers it is found to increase as tho velocity de 
creases ; that is, the loss of head ix proportionately : 
greater for small than for largo velocities. Du Budt 
found the loss of head to bo also greater for small’ 
than large channels, and applicd a correction accord: 
ingly in his formula, This, expressed in French | 


inches, is 


(80) 0 Oy 8 (nh 1) 


Finn (cia 


h, 
naintaining thé etic notation, in which s = T 





n this formula ‘1, in the numerator of tho first tom, 
8 deducted as a correction duo to tho hydraulic 
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mean depth, ag it was found that 297 (rt — 0-1) agreed 
more exactly with experiment than 297 r3 simply. Tho 


De a Vg F 
second term hyp. log. (, ++ 16) , of tho denominator 


ig also deducted to compensate for the observed loss 
of head being grewter far loss velocities, und the last 
torm “3B (vt “L) is a deduetion for a gonoral loss of 
yolocity sustained from the unequil motions of the 
particles of water in Che eross section as they move 
along the chanuel, Theso corrections ave empirical ; 
they were, however, determined separately, and alter 
being tested by experiment, applied, as above, to the 
radical formula » = 897 \77 s, 

Du Builv’s formula was published in his Prineipes 
dUydraulique, in 1786, Tt is, as we have seen, 
partly empirical, but deduced by au ingenious train 
of reasoning vad with cousideraubhle ponetration from 
about 126 experiments, mado with pipes from tho 
“19th part of an fueh to 18 inches in diameter, Jaid 
“horizontally, inclined ab various inclinations, and 
vertical ; and also from experiments on open chan 
nels with sectional arcus from 19 to 40,000 square 
Anches, aud ineliuvdions of from Loin 112 to tin 
36,000. ‘Lhe lengths of the’ pipes experimented with 
“yaried from 1 to 8, aud from 3 to 3600 feck, 

In several oxperduents by which we have tested 
this formula, the resulling velocities found from it 
were from 1 to 5 per cent. too large for small pipes, 

“and oo small for steaight rivers in nearly the samo 
proportion, As the experiments from which it was 
derived wore made with great care, those with pipes 
particularly so, this was bo be expectod. Uxpe- 

0 
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riments with, pipes of moderate or short lengths 
should have the circumstances of the orifice of entry 
from the reservoir duly noted; for the close agree- 
ment of this formula with them must depend a great 
"deal, in such pipes, on the coefficient due to the 
height 2, which must be deducted from the whole 


io A 
head u before the hydraulic inclination, a = s, can 


be obtained; but for very long pipes and uniform 
channels this is not necessary. 7 

The experiments from which Du Buat’s formula 
was constructed are given in full by the late Dr. 
Robinson in his able article on “rivers” in the 
Encyclopedia Britannica, pp. 268, 269, and 270,- 
where the calculated and observed velocities are 
placed side by side in French inches per second, In 
all these experiments Du Budt carefully deducted ” 
the head due to the velocity and orifice of entry before 
finding the hydraulic inclination s, and those who 
attempt to calculate the velocity from the head and. 
length of the channel only, without making this 
deduction, will find their calculated results very: dif- 
ferent from those there given. If there were bends, 
curves, or contractions, deductions would have to be 
made for these-in like manner before finding s. 

Under all the circumstances’ and after comparing 
the results obtained from various other formule, we 
have preferred calculating tables for the values of v 
from this formula reduced for measures in. Mnglish 
inches, which is ; 
806-596 (rt —~ +1032) 


1t I 
(5) —hyp. log. (5+ 1°6) 





42906 i ~ 1032), 


I= 
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or moro simply; 
(81) v= A eae en 
() —hyp. log. (= + 16) 
This gives the valuo of » a litle largor than tho 
original formula, bub the difference .is immatorial, 
For measures in Wnglish fect it becomes « F 
(2) e=—y5- ALL Cabo -. oy 084 (24 — +08), 
(G ) ~—hyp. log. ie +- 1 6) 
Tho vesulis of equation (81) are ealeulated for 
_ different values of s and v, and tabulated in Taste 
VIO, tho first cight pages of which contain the 
velocities for values of » varying from sth inch to 
_binehes; ov if pipes, diamotors from } inch to 
, 2 fect, and of various: inclinations from horizontal to 
_ vertical, ‘Tho last five pages contain the volocities 
for values of » from 6 inchos to 12 feet, and with 
falls from 6 inches bo 12 feet per mile. 

Iixameny’ VIL A pipe, 14 inch diameter and 
100 feet long, has @ constant head of 2 feet over the 
diwharging extremity ; what is the velocity of dis- 
change per second ? 


io, 





: 8, 100 1 
The mean rains == ie = ; inches, and “p50 =F) 
ig the approximate jayne inclination, At page 2 
: Tanie VITL, in tho column under the mean radius 


- md opposite to the inclination 1 in 60, we find 


3069 inches for tho velocity sought. This, howevor, 
is but approximative, as the head due to the velocity 
should be subtracted from the wholo head of 2 feot, 


before finding the true aris inclination... This 
08 


196 THE DISCHARGE OF WATER IROM 


head depends on the cocfficient of resistance at the 
entrance orifice, or the coefficient of discharge for a 
short tube. In all Du Budt’s experiments this latte 
was taken at ‘8125, but ib will depend on the nature 
of the junction, as, if the tube runs into the cistern, 
it will become as small as °716 ; and, if the junction 
bé rounded into the form of tho contracted vein, it 
will rise to ‘974, or 1 nearly. In this caso, the co. 
efficient of discharge may bo assumed °815,* from 
which, in Tavte II., we find the head due to a velo- 


city of 80°69 inches to be 1 = 1:87 inch nearly, 


which is the value of 2; and hence, 1-A=h= : 


Z_ 100 « 12 
—187= 22:13 inches ; and 5 =~ ere Ob 


the hydraulic inclination, more mes With thig 


v 


new inclination and the mean radius © yr we find the 


velocity by interpolating between tho inclinations 
1 in 60 and 1 in 60, givon in tho table to be 
30°69 — 1:34 =: 29°35 inches per second, This 
operation may be repeated until.» is found to any 
degree of accuracy according to the formula ; Dut it 
is, practically, unnecessary to do so, If we now wish 
to find the discharge per minute in cubic fect, we can 
easily do so from Tang IX., in which, for an inch 
and a half pipe, we get 





Inehes, Cubio Toot, 
For a velocity of 20:00 por second, 122718 por minute, 
” ” 900 on HHQRG » 
” ” 30 oy O1B4L yy 
” ” Ot yy OUR oy 
is » aod, «180027, 


* See Exampry 16, pp. 28, 80. 
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The discharge found experimentally hy Mr, Provis, 
fora tubo of the same length, bore, aud head, was 
LT6 eubie foot per minuto, 

If we suppose the coefliciont of discharge dno to 
the orifice of entry and stop-coek in Mie Provis's 
908 experiments® with Ly ineh lead pipes of 20, 40, 
60, $0, and LO0 feeb lengths, to bo “716, the results 
calculated by the tables will agree with the oxperi- 
mental results with very great accuracy, and ib is 
yory probable, from tho circumstances described, 
that the ordinary cocflicient +815 due to the ontry 
was rednecd by the circumstances of (ho slop-cook, 
and fixing to about "715; but even with 815 for the 
coofticient, the dilercnes between calemation and 
experiment is nob much, the culeulation being thon 
in oxcess in every oxporimont, the average being 
abou 6 por cent, and nob so much in the oxamplo 
wo have given, 

Canne VITL will give tho velocity, and theneo the 
discharge, dmmodinlely, for long pipes, and Pannn X. 
onables us to caleulite the cubic feat discharged por 
mimite, with great facility, lor rivers, the moan 
velocity, and thonce the discharge, is vlso found with 
quickness, Suc also Tanmes XL, XL, and XIIL, 
and the table ab pp, 42 and 43, 

Mxawery IX, A aeeelercourse is 7 feet witle ab the 
Bottom, the length of each slaping side is 68 feet, the 
width at the sunfitce ts 18 feet, the depth 4 Jeet, and 
the inclination of the surface A inches ina mile 2 what 
ts the quantity flowing down por minute ? 


* Transactions of tho Lastitution of Civil Kayineors, pp. 201, 
210, vol. ii, 
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Ca!) xj =2°A272 feot=29'126 ‘nehee 
Hoey ea yae= ne 
=r, is the hydraulic mean depth ; and as the fall is 
4 inches per mile, we find at the 11th page of Tann 
VILL, the velocity v = 12:03 — -16 = 11°87 inches 
per second; the discharge in cubic feet per minute 
is, therefore, : 

50 x ~~ x 60 = 2967°5. 
1 


TE 9417/7 o =v, we have v= 941747 9-497 4. = 


= O17 x 3/1 1.17 foot = 14-04 inches, 
6628-807 
‘Watt, in a canal of the fall and dimensions here given, 
found the mean velocity about 134 inches per second, 
This corresponds to a fall of 5 inches in the mile, 
according to the formula. Du Budat’s formula is less 
by 124 per cent. or Ath; the common formula too 
much by 6 per cent, 
In one of the original experiments with which tho 
formula was tested on the canal of Jard, tho men- 
~ surements accorded very nearly with those in this 


example, viz, = 16360, and » = 29-1 Fronch 
inches ;. the observed velocity at the surface was 
1674, and the calculated mean velocity, from the 


formula, 11°61 French inches.* astm VII. will 
give 12:29 inches for the mean velocity, corre- 


* These measures reduced to inches, givo r = 81" Old, v= 
19-374; and the surface velocity 16-775 inches; reduced for mean 
ag 18101 inches, 
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, sponding to a superficial velocity of 16-74 inches, 
This shows that the formula algo gives too small 
‘value for » in tliig case, by about ath of the 
result, it being about os part in tho. other, ‘Iho 
" probable error in the formula applied to ‘ straight 
clear rivers of about 2 feot 6 inches hydraulic moan 
depth is nearly: yyth or 8 por cent, of tho tabu- 
lated velocity, and this must be added for the more 
correct result; the watercourse being supposed 
nearly straight and free from aquatic plants,” 
Notwithstanding the differences above remarked 
on, wo ave of opinion that tho results of this formula, 
which we havo calculated and tabulated, may bo 
more safely relied on as applied to general prac-. * 
ticat purposes than most of those others which we 
shall proceod to lay before our readers, Tivers or 
watercourses aro seldom straight or clear from weeds, 
and even.if the sections, during any improvements, 
bo mace uniform, thoy will seldom continue so, ag 
“the regimen,” or adaptation of the velocity to the 
tenacity of the banks, must vary with tho soil and 
bonds of the channel, and can scldom continue per- 
manent for any length of time unless protected, 
Prom these causes a loss of velocity takes place, 
difficult, if not impossible, to estimate accurately, but 
which may be taken at from 10 to 15 per cent. of 
that in the clear unobstructed direct channel; but be 
this as it may, ¢¢ ts safer to calculate the drainage or 
mechanical results obtainable from a given fall and 
ter channel, from formule which give lesser, than 


200 TIN DISCIARGH OF WATER FROM 


from those which give larga vidovities, This is ’g 
principle ongincers cannot loo much observe, 

We havo beforo remarked, that for both pipes and 
rivers tho cocflicient of resistaico inereases as the 
velocity decreases. ‘This is as much as bo siy, in the 
simple formula for the velocity, » <= mz Vos, that 
ust inercase with a, and as some finetion of if 
This is the case in ‘Tannn VILL, throughout which the 
velocities inereaso faster than 4/7, tho ss, or the 
Vrs, In all formulw with which wo ave acquainted 
but Du Buit’s and Younp’s, the velocity found is.con. 
stant when rs ore % 9 ts constant, Tn Du Bud's ' 
formula for x x s constant, » obtains maximim | 
values between = 4 inch and = Lineh ; the dif 
ferences of the velocities for different values of » 
above 1 inch, » x ¢ being constant, aro nob much, 
We may always find tho maximum value, or nearly 
so, by assuming # =} inch, wand finding the corre. 
sponding inclination from tho formula af which is 
ae to it. Tor oxamplo, if # = 12 inches, ands 
a tho velocity is found equal 052 inches; Dut 
when #s is constant, tho inclination s corresponding 

Ax a! 
3X Ton60 arr 
from the table v= 10-25 inches for the maximun 
velocity, making a difference of fully 7 por cout, 

When »= ‘01 of an inch, or a pipo is ysth part 
"an inch in diametor, Du Bual’s formula fails, but 

tives correct resulis for pipes 4th of an inch in 

reter, and two of the oxperimonts from which it 


to r = 2 inch is 





from which wo find 


ORTEIONS, WEIRS, PIPES, AND RIVETS, 201 


was derived were made with pipes 12 inches long and 
ony vath pave of an inch in diameter, 

Couroms having shown that tho resistaiee opposed 
‘toa disc revolving in water increases as the funetion 
av + bv of the velocity », wo may assume that tho 
height due to the resistuneo of friction in pipes and 
* svors is also of this fut; and that 


(83.) ; As (av -+ bo!) . 


and conseqnently, 

~ (Bh) sad + bv, and v= {" + inh oe 
“ Gmarp first pave values to the cocficients a ond b, 
He assumed them equal, and each equal to 0008104 
for measures in metres, und thence the velocity in 
canals, ” 

(85,) * va (221016 ry + 2H) . 
which reduced for moasures in Mnglish foot becomes 
V = (LOGUTS 29 BUT) LG, or 

(8) Wu lon es — Led nenly, 

, pee ’ i 
The value of @ = = Y008104 was obtained by 
means of twelve oxporimonts hy Du Budt and Chezy, 
: of course the valuo is four timos this in the original, 
as we use the mewn radius in all the formule instead 
of the diametor, This formula is only suited for 
yoy small velocities in canals, between locks, con- 
faining aquatic plants; it is inapplicable to rivers 
and channels in which the velocity exceeds an inch 

per second, 

Proxy found from thirty experimonts on canals, 


* See Browator's Mneyclapodia, Article Hydrodynamics, p. 260, 


cf 
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that @= -000044450 and b = 000309814,* for mea 
sures in metres, from which we find 
- (87) v = (8282:96 rs + 00516)! — 0719 ; 
this reduced for measures in English feet is, 
(88, ieee = (10607-0278 + 0656)! — ‘236 ;+ or 
= 103 7s — 24 nearly :. 
the velocities did not exceed 8 feet per second in tho 
experiments from which this was derived, 

For pipes, Prony found,t from: fifty-one experi 
ments made by Du Buat, Bossut, and Couplet, with 
pipes from 1 to 6 inches, diameter, from 30 to 7,000 
feet. in length, and one pipe 19 inches diameter and: 
nearly 4,000 feet long, that a = -00001783, and b 
= 0008483, from which values 
(89.) v= (2871-09 rs + 0006192)! — 0249, 
for measures in metres, and for measures in English 


feet, 
v = (9419-75 os + -00665)!— 0816; or 


(90.) f° =97 Vrs—-08 nearly, 

Prony also gives the following formula applicable 
to pipes and rivers. It is derived from fifty-ono 
selected experiments with pipes, and thirty-ono with 
open channels : 

(91) v= (8041-47 7s + -0022065)!— 04697344 
* Recherches Physico-Mathématiques sur la Théorie des Raux 
Courantes, 
+ For canals containing aquatic plants, ‘esi &c,, we must sub- 
‘itute w for7. See note, p. 186, 


¢ Recherches Physico-Mathématiques sur la Théorio du Mouve-- 
ut des Eaux Courantes, 1804, 
Recherches Physico-Mathématiques sur la Théorie des Buus 
wtes. A reduction of this formula into English feet is given 
ge 6, Article Hydrodynamics, Encyclopedia Britannica; at 
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TABLA of the fifty-one Experiments referred to in Equation (80), the 
“value of y tn the siwth being taken at 0°B088 metres, 


JIL bo percolyed that Prony did not tako into ealowlation, in framing his formula, 
Fee eet ia tobe Fotoclty in the plpo and to the orllien of ontry, 
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ow ; 
eg | sf | sf |. daa "| eh 
ee 2 | sk | ¥s)8 | Sehe ifs, 
gee | ga | ga | G88 | Gpeg | abay 
Ee cl ld 
1) Dn Butt) 0042 ) 0271 19°06 } 000314 | 430] +0427 
2} Couplet | 1611 | 1868 | 2280:37 | 000404 | +Qod4 | 40501 
& | Couplet |. ‘8008 | *2363 | 2280-37 | 000628 | -og54 | +0021 
4 | Du Bufit | 0136 | 02707 10-05 | 000450 | 0980 | '0926 
6,] Couplet *d68d | 1383 | 2280°37 | 000500 | +1117} +1268 
@ | Couplet G10 | 1838 | 2280-97 | Q00G88 | «1801 | “1880 
7 | Couplet *G407 | 1838 | 2280-37 | 000070 | +1411} +1488 
8 | Couplet '|‘ 6767 | +1333 | 2280°97 | 000088 | +2441 | +1407 
0} Du Butt | 0180 | 0271 | 8°75 | 001426 | +2352 | +2806 
10 | Du Butt | 2187 | 0271 3°76 | 001188 | -2826 | ‘3088 
1 | Du Buait | +1137 | 0271 3°75 | ‘001800 | . 2888 { ‘3088 
12 } Bosaut "1083 | ‘0271 1624 | '001337 | +3308 | *3360 
18 | Bossut "3248 | 0361 58-47 | 001446 } +9400 | *3558 
M} Du Budt | +1605 | 0271 19-06 | (001482 | +3604 | ‘3718 
16 | Bossut +8248 | ‘0361 48°75 | 001640 | +3807 | ‘3016 
16 | Du Buat | +2106 | 0271 19-05 | ‘001718 | +40D1-| 4287 
YW | Dossut 3248 | 0361 38-08 | ‘001687 | +4806 | 4402 
18 | Du Butt} 2426 | 0271 - 10-D6 | 001880 | +4408 | “4618 
10 | Bossut 3248 | ‘OGdd | GBA47 | 1001072 | +4438 | +4416 
% | Du Duly} +2426 | 0271 10°06 | 1001708 | +4500 | *4618 
a | Dossut "B248 | Obdd 48:78 | ‘VO1705 | +4956 { ‘4860 
2 | Mossut “‘O4O7 | ‘OSG 5847 | ‘001022 ) 6115} 5122 
93 | Bossut 8248 | ‘0361 20:23 | 001918 | +6128 | ‘6122 
MU | Do Bult | 8336 | 0271 10:05 | 002050 | 5411 | "6460 
% | Bossut "8248 | 0644 88-08 | 001081 | 6005 | "6458 
2 | Dn Buat | 8709 | 0271 19:05 | ‘002174 | 6676 | *6766 
2 | Bossit C407 | O30L 48°78 | 002078 | +6608 | ‘6684 
% | Du Bust | apse | 10271 10°05 | 1002223 | -5916 | *6961 
0 | Bossut “B2d8 | 0271 20°24 | 002201 | +032] ‘6990. 
80 | Boasut *B2d8 | 0361 10°40 { 0023383 | 0323 | *6827 
41 | Bossut "9248 | ‘0644 20°23 | 002300 | -Gd4dt | '6Bdd 
8 | Bossut “0407 | ‘0361 38:08 | 002267 | :6498 | *6328 
33 | Bossut “0407 | ‘04d 68-47 | 002214 | C605 | *G344 
| Bossut “G47 | 0544. 48°73 | 002302 “6072 
86 | Boasut ‘C407 | "0361 20°28 | 002588 7348 
80. | Du Butt | +6426 | 0271 10:06 | :002760 ‘7660 
87 | Bossut "82d8 | OGd4 10°49 | 1002812 *7823 
38 | Du Bult | ‘1624 | 0272 3°76 | U08620 "8930 
0 | Dossut “G107 | “0544 88°08 | 002656 “7819 
40 | Bossut “3248 | 10361 9°74 | :008287 9048 
(41 | Bosswe "06 “0361 19 40 | 003161 9048 
42 | Bossut “06 0644 | 20:28 | 003062 “9071 
43) Couplot | 99274 | 4873 | 1100-42 ) “009785 10502 
44 | Dossut "82d8 | 0644. O74 | ‘004073 11164 
46 | Bossut *OAD7 | ‘0644 1049 | ‘003821 | 1':1G40 | 1:1164 
40 | Bosswt *GL07 | °0861 0:74 | 004401 | 1°3188 | 12806 
47 | Du Butt | 4878 | *0271 3°17 | 006470 | 16784 | 17048 
48) Du Butt | 6671 | 0271 3°76 | 006807 { 16010 | Loses 
49 | Bossut 0407 | 0644" 9°74 | 005578 | 15045 | 16890 
60 | Du Butt | +7210 | 0271 3:17 | 007838 | 1:9301 | 2°0798 | 
61 | Du Buiit +0271 317 | 008882 | 22004 | 24206 
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for measures in metres, which, vednecd for mensnres 
in English fect, is . 
B= (DVTB TO 2 6 - 02875 )E — 154125 o 
(92) { = 100 /rs— LG nearly, 
Rvantavans, following the method of investigation 
pwsncd previously by Prony, found from a loge: 
number of experiments, @ = 0000242651, and b= 
000865643 in rivers, for moasures+in metros; and, 
therefore, ’ 
(98) v = (278566 9s + 001102)! — 0382, * 
This reduced for macasures in Hnglish fect, is 
vy =z (BOTH 48 7 9 + 0118858)! — 1089; or 
(94) v= 045 er s— "11 nearly = 13 /f7— U1 
=a VM LT f— 1 
when f is the fall in foot por milo, ELo also shows,t 
that #ths of a mean proportional betweon the fall in 
two English milos and tho hydraulic mean dopth, 
gives the mean yelocily vory newly. ‘Chis rule for 
measures in inches is equivalent to 


(95.) v= Bd rs; 
and for measures in foot 
(96.) v= Od Ara, 


For tho velogity of water in pipes, ho found, from 
the fifty-one experiments of Du Bundt, Bossut, and 


page 164, Third Report, British Associntion, by Rennio; and at 
pagos 427 and 688, Article Ifydrodynamios, Browstor's Wneyelo- 
pedia, This reduction, y= — 01641 -F (-O287H -- 828060 rs} 
is ontirely incorrect; and, boing tho sumo in exch of thoso works, 
ppears to have been copied ono from tho othor. 
* Mémoires do VAcadGmio do Borlin, 1814 of 1818, Seo 
ration (110), 
Handbuch dor Mochanik wid dor Tydraulik, Berlin, 1801, 
Mémoiros do PAcadéinio dos Scioncos do Borlin, 1814. ot 1815, 
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Gouplot, that == 0000223, and b = “0002803, from. 
which we get for moasnres in metres, 
O7.) v= (BEOTY rs + VOLST 0397 ; 
which reduced for mousuves in Mnglish feet becomes 

vez (LLTOS05 rs + 01698)! — +1808 ; or 
(98.) { = 108 rs — 13 nowy, 
Anothor formule givon by Uytelwetn for pipes, which 
includes the head due to tho velocity for tho orifice 
of entry, is 

: au yt 

(09.) 0 = 50 i 5Q a) 3 ; 
in which mis tho head, 2 tho length, and @ tho dia- 
meter of the pipe, all expressed in Mnglish feet, ‘This 
is a particular valuo of oquation (74) suited to volo- 
cities of about 24 feck per second, It must bo hero 
mentioned, that much of the valuable information 
prosented by Tiytelwein is but x modification of 
vhat Du Budt had previously given, to whom only 
for mush that is attributed to the former we are 
primarily indebted. 

In the foregoing as woll as in the following equa- 
tions for tho volocity, we have, unless otherwise 
stated, mointained one elays of stundards, Tt is 
evident if we change these standards in part, or in 
wholo, that apparently different forms of the cqua- . 
tions will aviso ; thus-—il for s, the hydraulic incli- 


nation, wo substitulo ote wo shall have the fall 


m in feet por mile, in placo of tho inclination s; so 
that cquation (04), for instance, would become 

va (LT me OL) LL = (Tm ryt 11 nearly, 
in which » is the velocity in feck per second, a tho 
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fall in feet por mile, and » the “ hydbaitlic meant 
depth” in feot, In liko manner equation (98) ) would 
become j 
vy (2209 -- 0281 i =x (2: 2mayt—~ 18, 
The first of thego reduitions, viz. ~— 
y= (Timer + OULD) +109, 
is given in a book of tables calculated for rive 
channels for the Commissionors of Public Works, Ine. 
land, the original equation boing Hytclwein’s, and not 
D’Aubuisson’s, who merely copicd it, and is suited 
for velocitics averaging about 1:3 foct per second, 
Mr. Hawksloy gives for pipes the formula 
Gi, yt 
m= aah 
in which, 7 is tho iwaath, in yards, 1 the head in 
inches, ¢ tho diameter in inches, and » tho velocity 
in yards por second. For uniform fook mmesanres, 
- for, v, d, and u, this becomes 
v= 48.046 {, hi As 
which is only Tytolwoin’s cquation (99) slighlly 
modified. Hytelwein’s ouation expressed in the 
measures uscd by 1 Mr, Iawksloy would he vory 
nearly i 
am jt 
aes letra i 
_Which is far tho simplest of the two ; both, however, 
are bué particular casos of the goneral equation Uy 
and only suited for velocitids of about 24 foot | por 
yecond, 
Dr, Tuomas Youne* also derives his formula from 


_ * Philosophical Transactions for 1808, 
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the sutpposition, that tho head duo to tho resistance 
of frifion assumes tho form of equation (88); calling 
the diameter of a pipe d, ho or 


l= = (uv +b wy e 


aad tho whole hoight mm hy + a oxprossed in 


inches, Ifo found from some experiments of his 
own, thoso collected -by Du Buat, and gomo of 
Gorstner’s, that 


900 «9 
(100,) a= 0000002 {ia sii yg 
82 10663 
sgn (1085 + re + EO) 
and 
7 1440 * 180 


(101) b= "0000001 {418-2 yg -az yooh 


thon as we = O0LTL, wo get 


wed 
(002) 9= (57 onured 


al al 
ee (sa DHE ON va) ™ QOl+ OORT A 
When tho lougth Zof tho pipe is very great compared 
with-tho houd due to the orifice of entrance and 
velocity, 00171 v', wo havo: | 


. Hd a yhoo@ 
(08) w= tgp brah apt 


or by substituting for i; ita valuo s, equal tho sino of 
tho inclination, , 


(104,) ( ad, ad | a 


=r Tie) ~ 0 
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The values ofa aaa b are for measures in inches, 
For most rivers, in.which d must be taken equal ve r, 


_ he finds for French inch measures, a = 30000 ds; 
this reduced for English inches is 


- 105.) v= WIW/rs; 
which again reduced for feet measures, becomes 
(106.) v= 8434/75. 


These latter values, for rivers, are even smaller than 
those found from Du Buat’s formula; less than the 
observed velocities, and less than those found from 
any other formula, with the exception of Girard’s, 
The values of the coefficients a and b vary in this 
. formula with the value of d=41; they are expressed 
generally in equations (101) and (102), from which 
we have calculated the following table for different 
values of d and 7. 

An examination of this table will show that @ 
obtains & minimum, value when d is between 
10 and 11 inches; and 6b when the diameter is 
between 3 and $ of an inch. Now, it appears from 


equation (102), that'» increases ‘with td a8 newly, 


or, which is the same thing, as } ‘deoreases, there 
musi, ceteris paribus, bo,a maximum: value of v for a 


ud 
given value of oe or 78, when d is between 4 and $ 





sh; but as rp has a minimum value when d is 
tly 12 inches, the maximum value of » refered 
ill be found between yalues of d from 4 inch to 
thes ; in fact, when @ ='10 inches nearly. We 
dready pointed out a similar peculiarity in Du 


ORIFIONS, WHEIRS, PIPES, AND RIVERS, 209° 
Buat’s general theorem, at page 196, Zt will not be. 
necessary to take out the values of a and = to more. : 
than. one place of decimals. ; 
The values of ma ave also given in the following 


table, and may be used in equation (104) for finding > 
the discharge from long pipes. It is, however, neces~ 
‘sary to remark, that this equation is sometimes mis- 
applied in finding the velocity from short*pipes, and 
‘those of moderate lengths., It is necessary to uso 
equation (102), which takes into consideration the 
head duc to the velocity and ortfice of entry for such 
pipes. 

For a pipo 11 inches in diameter, the expression 
for the velocity, equation (104:), becomes for inch 
measures, 


sad 4 
pe | sana 4+ 149} 1aa: 


and for fect measures, also substituting 4 7 for d, 
(106A,) ose {seater} ‘1100 (rs)I1 
vey neatly, Fora pipe -7 inch in diameter we should 
find ina like manner. for feet measures, 
(106p.) v = 118 (rs)! +5, 
vhich is only suitable for pipes with very high yelo- 
cities, 

Sm Jou Last states,* that the mean velocity 
ta river in miles per hour, is }4ths of tho mean 
noportional between the hydraulic mean depth and 


# Natural Philosophy, p. 428. 
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the foll in tio miles in fect. “This rule ig equivalent, 
for measures in feat, to ; 
(07) a= 100 re; . 
and is applicable to rivers with velocibios of about 24 
fect per second, ; er 2 
D'Ausursson, from an examination 8f the rosults 

obtained by Prony and: Mytelwein, assumes* for 
measures in’ metres that @ = 0000189, and b= 
0003425 for pipes, substitu ting these in equation (84:) 
‘and resolving the quadvatio 

(108) » = (2019-71. rs + 00074)! 2-097; 

which reduced for measnres in English feet becomes 
; » = (D679 6 + 0813)! 090, or 

an) = 98 /7rs— "1 nearly, 

For rivers ho assumes. with Bytolwein,} a = 
000024123 and & = 0003056, for measures in 
metres, and honco ‘ 

(HO) w= (QTBHN8 ro 0011) —~-088 ; 

which for measures in Mnelish feat ig 
» = (89705 9 + O12) 109, or 
oO 7 rs LL newly, 
When tho volocity exveeds twor feat per socond, he 
assumes, from tho exporiments of Couplot, @ = 0, and 
b= 000856876 ; these values give 
(112,) v= S 2TH, 
for measures in metros, anc 
(118.) v= IO Ars = SUL ry 
for measures in Knglish feet, Lquations (110) and 
(121) are the samo as (98) and (94), found from Ty tel- 


(LLL) 


* Truité @Uydvanliqno, pe QL, 
t Lynité dTydraulique, p. 198, Seo Equation (02), 
r3B 
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wein’s valucs of aand 2, and it may be remarked that 
D’Aubuisson’s equations for the velocity generally, 
are simply those of Prony and Bytelwein, 

The values which we have found to agreo best 
with experiments on clear straight rivers ave a=’ 
0000085, an@ b= ODOLIBO I or measures in English 
feet, from which wo find 

v = (8695'6 #5 + 00023)! . 0152, or 
(ld) be = 8 3-8, ) 
which for an averago edly of 14 foot per second 
cities y= 93° aie, for smaller velocities thon 14 ft 
per second, tho cocflicients of 7 s decrease. pretty 
‘yapidly, This formula will be found to agree more 
accurately with observation and experiment than any 
other we know of this form. P 

Wuiszaon ig perhaps the only writer who’ has 
modified tho form of the equation » = av + be, 
In Dy, Young’s formula, « and ee Nae if but 


Weisbach assumes that hy = (« + aye Xe ay and 


finds from tho {ifty-ono oxperimonts of Couplet, 
Bossut, and Du Buat, before referred to, ono experi. 
ment by Guemard, and cloven by himself, all with 
pipes varying from an inch to five and a half inohes 
in diameter, and with velocities varying from 14 inch 
to 15 feet per second, that a = 01489, and b= 
0094711 for measures in metres ; honee we have for 
the metrical standard 


(115.) hy = (01439 + 


This reduced for tho mean radius » is, 


foment e 
DING 
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5 0) 078, 7 2 
(16. y= (008507 4 eye Xie} 
from which we find for measures in Mnglish foot 


; Oe ee ed 
ait) ie = (008697 ob => X yas 


and thence 
‘004 an oe 
(18.) rg = (008607 + “) 55% 


and by substituting for 2g, its ote 64.403, 
OOOOUG5E 
(us), r= (00005686 + aioe) at 


004 ee a 


- Jnequation (117), (003597 + is the 


coofficiont of the head duo to friction, Tho equation 
does not admit of a direct solution, but tho coef. - 
cient should bo first determined for different values 
of the velocity » and tabulated, after which the true 
yalue of v can bo determined by finding an approx~ 
inalo value, aud thenes taking out tho corresponding 
cocfficiont from the table, which doos not vary to any 
considerablo oxtent for smal changes of velocity, 
Tn the following small table wo have caleulated the 
coeflicionts of friction, and also those of o%, in equa- 
tion (119), for different values of tho velocity v. 
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TARLE OF THE CORFFIGIENTS OF FRIQTION IN PIPEs, 


| Oka | A 
or mie ve 


Ci 








O17160 0002664! 3078-07 | 66 -4 | 006266 |-eooonsa| LoteLG | 1008 
018186 |-oq02047| 4886-2 | 60: 6 | 006800 |-coga97o] 10atd6 | 10t0 
011427 }oootr74| soso | 76% .¢ | 006257 oooun72| 109861 | 1014 
010878 |-ogo1611 | 6270-8 | 78° 7 | 006207 }-0000964} 10879-4 } 1018 
+009062 0001500 | 66666 " o 006160 |-0000056] 10460-2 | L022 
-on01ss Hoootate! 70022 | e40°| a0 |+006115 -coo0nd0! 105374. | L088 
008728 0001864 | 7386-6 | ab: . | 006078 -oon0D48| 106044 | 1020 
‘08801 |-0001808| 7674-6 |} a7-6 | 8-6 | 005800 |-0000014| 1040-0 | 1016 
- | 608117 }-0001260) 7036-5 | go1 | 4+ } 005741 -o000802 | 112288 | 1059 
’ Foorase booo1224} 8160-0 | 90-4 | 6 | -006614 |-c000866) 11682-2 | 1080 
| oozdae'-oo01t08| es22 | ots | -e | -oons4s |-o000890| 12046 | 1007 
967612 0001166] 8676-8 -» | -006218 |-0000810] 120486 | 1114 
007498 0001162) 86655. | 93° . [005118 0000704) 120982 | 1124 
007368 0001142) 87565 | 98: 005026 |:0000780} 19820-5 | 1188 
-o07221 /o90t121| 89206 | p4: » | 004058 |-0000760 | 1s008-9 | 114-0 
007008 |-oott02|,9074-4 | 96-2 | .16- | -004704 |-o000780| 18c08-0 | 170 
006087 /-0001086| 9210-8 004660 /-0000726 | 18703 | 11744 
006886 0001060 0864-8 | 967 | 20° | 004066 poooo707 | 141449 | 1180 
000830 }-0001062} 0416-2 + | 004456 fooso00L} 14sza7 | 1208 
006704 0001054 | 9497-6 | 97» » | 004880 |-co00ce0| 1470m0 | 1218 
008716 -ooolo12| 9596-9 "07-0 .{ a6 . | -OoLa22 -oo0OK7L | 14n0-1 | 1290 
-008620 |-ooo1020| 9718-2 | 98 001276 ono! 150003 | 1207 
006856 |-0001018 | 9829-2 | 90+ + | 004296 0000088 | 191976 | L298 
-oos4es |a001007| 90306 | oo: » | 081208 0000688 | 15198 | 1287 
008424 0000007110008" 100°. ]100: | -004208 |-0000626| 160000 | 1264 


























64." 
If the value. of = here found, be substituted in 


i / B44 
the equation » =’ as) We shall have the value 


Ce 
of », According to this table the coefficient of fric- 
‘on for a velocity of six inches is more than twice 
wt for a velocity of twenty feet, and the velocity is 
3 in the proportion of 81-6 to 118-9, or of 81:6 (1's)! 
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to L18-9.¢@s). On comparing’ theso .coofficionts and 
those for pipes in the preceding formule, with those 
for rivers of the same hydraulic depth, we perceive 
that the loss from friction is greatest in tho’ latter, 
a3 might have been anticipated ; but this evidently 
atises from lesser velocitics,’ 

It has been already remarked that the coefficient 
of friction decreases as the velocity increases, ‘Thé 
oily general formula which properly meets this de- 
fect in the common formule is Weisbach’s,-but jt 
does not give the velocity v directly, as this quantity ” 
is involved in both sides of his equation. As for.’ 
goveral hydraulic works it is necessary to convey 
water’ through pipes to work machines undor high: 
heads, anil for which the. conimon formula would 
give results considerably under the true ones, it 
appeared to me desirable to obtain. some simple: cx- 
pression for the velocity which might be casily 
remembered and applied, which would be equally. 
eorroet with othor formule for medium, velocities of 
from one-to two and a half feet, and which at the 
sane time would give practically correct results for- 
lesser and greater velocities within the limits of 
experiment, By reducing the velocity found from 
experiment to the form v =m 4/75 for every case, 
ad afterwards applying a correction. of .the. form 
a </ys to mect the increasing value of m ag v in- 
creased, I discovered that the expression 
(L10.A) v= 140 (7s)! - 11 (rs)! 
gave results not differing more from experiments than 
these frequently do from each other, ‘The following 
table oxhibiis the velocities compared with those 
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obtained from the experiments made by Du Buat, 
Couplet, Watt, Mr. Provis, and Mr, Teslio, in the 
Minutes of tho Institution of Givil Mngincors top 
February 1855. ‘Tho last oxperiment was furnished 
to me by Mr, Tfodson of Vaincol, Numbers 34 
and 85 wero made by mysell, and givo the mea 
resulis of several oxperimonts made with great care; 
the coeflicient of the orifico of entry was found to 
be :860,* Tho measures havo been al reduced to 
English fect. ‘The results found by the same experi. 
menters, at the same time, with tho samo Apparatus, 
sometimes differ by three or for per cont., as may be 
seen by referring to Mr. Provis' experiments, (‘Lrang. 
actions of tho Institution of Civil Mngincors, vol. 2, 
p. 208,) and the difference in the exporiments shown 
in the table are apparent, The difference in the 
velocitics found from the experiments, do not exceed 
thoso inseparable from practical investigations, and 
they differ as much in themselves as from the formula, 
which for cylindrical pipes of dinmoter d@ may be 
thus oxpressad, 

(119n,) | v= 70 (2 sy 6-08 (2 9), or 

v= 70 (d sh ~'7 (ds) nearly, 
The expression fails when 70 (ed »)# is equal to or 


legs than 6:93 (¢ s), but as this only happens wher 


1 
ns =(g5)'= (000000285, and for velocities ‘low 


one inch per second, its practical value is not thereby 
affected. Tho expression of Du Built fails with a 


* The coefficient for tho orifica af entry way found. by cutting 
ff the pipe at two dinmoters from tho eixtern at do conclusion of 
he oxporiments, nnd finding tho time of. emptying, Vide p. 177. 
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TABLE showing the Hexporimental Lesults af observed Velocities in Water 
Channels, with the Author's general formuta for Pipes and Rivers, vis, 
vee 1d0 (ray 11 (raph 
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tube of one twenty-fifth part of an inch in diameter, 
no matter what the head may be, as ib then makes 
‘the velocity equal to nothing, although some of the 
experiments from which. it Was derived were mado 
with tubes Dub the eighteenth part of-an inch dia- 
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meter. The following expression is free from this 
defect : : 

(119¢.) » = 60 (78)? + 120 (rs)3, 

and will give results approximating very closely to 
those found from Du Buét’s formula, and, therefore, 
with those experiments with which it most nearly 
coincides, but agreeing much more closely with 
Watt’s and other. experiments, on rivers. It. gives 
higher results than the previous formula for velo- 
cities below six inches, but the results found by 
different experimenters differ very much in those. 
For higher velocities it appears to differ occasionally 
only about oie-twentieth from observation, being in 
general less, as far as twenty feet per second, where 
it coincides very closely with Mr. Hodson’s expe- 
riment, As the’ errors appear to be of an opposite 
kind generally, in the two last, expressions, we ney 
get by combining them +’*. * 

(119D.) v= 100 (rs)t + 60 (r 5) — 5-5 (59h, 

an expression which, however, wants simplicity for 
ready practical application. When the length of the 
pipe does not exceed from 1000 to 2000 diameters, a 
correction is due to the velocity in it, and to the 
orifice of entry before finding the “hydraulic indli- 
nation” (s). The coefficient used in reducing the 
foregoing experiments ses the orifice of entry was 


815, which gives 1508 = Bq qt the height due to the 


joint effects of er aid orifice. This must be 
leducied from the head (1) ‘before dividing it by the 
ength (/) to-find the Incljnation(s) i in.our table, 


geomet 
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The following table, calculated from the formula 
(1194), » = 140 (@s)?~11 (rs), gives the corre- 
sponding values of 7 s and », so that when one is 
known the other is immediately found from inspec 
tion. Thus, if » s = ‘03125, we find . 

v = 206° when »s = 029167 
vs 24T when rs = ‘041666 


. Difference 4:1 corresponds to ‘012499 
03125 
02917 


o-_-——_ ) 


Difference 00208 : oy 
Whence 0125 : 4-1: 00208 :-7 nearly, and 
20°6 + 7 = 21°3 is the velocity sought; the same 
practically as found in Examen 26,.p. 87. If 
allowance is to be made for the héad due to the 
orifice of eutry and yelocity, this head can be de- 
termined from the velocity: due to the value of 7s 
in the table next less ‘than the given value with 
sufficient accuracy. In this case, this velocity is 
20°6 feet per second == 247 inches nearly. If. the 
orifice of entry be square, the coefficient is ‘815, and 
the head due to the velocity and this coefficient is, 
Taste IL, 10 feet nearly. If » be known separately, 
and also s, as well as the head a, and the length of 
the pipe 2, we had at first 





‘ om h 
7 =s, and, therefore, * -_ 7 =s. 
In Hxampie 26, p. 87, w= 150, and 7= 100 feet, 


therefore, the new value. “af $e = 140 is 14; and as 


r must be. equal ‘020888, « s= ahs the value 


2 
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TABLE for jinding the Velocity in fect por second, from the produet of 
the hydraulic mean depths and hydraulic inclinations, and the reverse 
calculated from the Author's formula v = 140 (rsyt — 11 (rs)t, in 
which +, 8, and v, are feet measures. 












‘Velo- 


Velo- 
olty v. 


Vamos of 74) gity a, 





Values of 73, Valuos of 12, 





Values of 7 8. 





008560 | 6-67 
‘000500 | 6-71 
008680 | 6-74 
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000710 | 2°76 
000744 | 2:83 











0001302 | 1°04 
0001322 | 1°05 
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00000805 0001490 | 1:00 
00000427 0001482 | 1:12 | 000758 | 2°85 | "003788 | Gf0 
00000843 0001632 | 1°14 | 000789 j.2:01 | "0038020 | Fud 
00000592 -0001578 | 1°16 | ‘000805 | 204 4 O08D4G | 705 
00000690 0001610 | 1°17 } 0008383 | 3:00 | °003977 | 7-08 
00000734 0001657 | 1:19 | 000852 | 3°04 | ‘004104 | 7-20 
00000047 0001736. [1:21 } 000900 | 3:13 | 004167 | 7:27 
00000989 0001776" | 1:24 | 000047 | 8°22 | ‘004866 | 744 
U0001184 0001815 | 1:26 | 001042 | 3:40 | *004646 | 7-62 
00001263 0001894. | 1°30 | 001106 |-8:61 | ‘004630 | 7:60 
00001420 0002052 | 1:36 |. 001136 | 3:67 | 004736 | 7:78 
00001678 0002131 | 1:38 | 001981 | 3°73 | 006856 | 849 
00001677 0002265 | 1°43 | 001246 | 3°76 | *008Dd4 | O61 
00001894 0002867 | 1:47 | 0012683 | 8°78 | 002576 | luo 
00001973 0002552 | 1°50 | ‘001302 | 8°86 | 0083833 | 10-5 
00002170 *] 0002604 | 1:66 | 001826 | S'8O f -0O0250 | 12-1 
00002367 0002662 | 1:67 | 001420 | 4°04 | ‘010417 | 11:8 
00002665 0002778 | 1:61 | ‘001515 | 4:18 f ‘011905 | 12-7 
00002841 0002841 | 1°63 | 001676 + 4°28 | ‘019889 | 13°8 
00008255 0003080 } 1:69 | 001610 | 4°32 | 015151 | 146 
00003854. 0008157 | 1°73 | 001667 | 4:41 | 1016067 | 15°3 
00008561 *0003220 | 1:75 | *001706 | 4°46 | '017297 | 156, 
00008748 0008314 | 1:79 | 001786 ; 4°51 | 020883 | 171 
00003946 008378 | 1-80 | 001799 | 4°60 | :027778 | 20:2 
00004143 0003409 | 1°81 | 001804 | 4°73 | ‘020167 | 20°6 
00004840 *0003661 | 1:85 | 001080 | 4°87 J ‘041600 | 24:7 
00004632, +0008630 | 1°89 | 002062 | 4:04 | (055550 | 28-8 
00005180° 30003706 | 1:90 | 002088 | 4°98 | ‘062600 | 80-0 
*00006327 0008788 { 1:92 | 002098 | 6:00 | 072010 | O32 
00005524 | « 10008946 | 1°08 | -002178 | 6:10 | ‘083800 | 35:0 
00005919 0904022 | 1:10 | 002210 | 6:14 fF °104107 | 40-0 
00006314 0004103 { 2°02 | -002278 | 6:22 | 1126 43D 
00006708 *0004261 | 26 | -002876 | 6°36 | 146688 | 47-0 
|, 0000688- 10004419 | 2°10 | 002402 | 5°46 | :1G66G7 | 61'1 
00007102 0004486 | 2°12 | 002638 | 5:68 | 208388 | 57-3 
00007694 0004546 | 2°14 | -0U2652 | 66'8 | ‘220167 | 40-2 
“00008049 0004708 | 2°18 | 002688 | 5°72 | ‘260000 | 03-0 
000086523 ‘0004736 | 2°18 {002841 | 6:90 | ‘270898 | G57 
00008681 0004808 | 2:28 | -002068 | 6:05 | *312500 | 70:7 
*00009270 0006051 | 2:27 | 002090 | 6:08 | *888388 | 73:2 
00009470" 0005208 | 281 | 008030 | G'11 | *344167 | 755 
00010259 0006308 | 2:83 | 003148 | 6-23 | ‘875000 | 77:7 
*00010654 0006638 | 2'41 | 003157 | 6-265 | 305838 | 80-0 
00011048 ‘0006061 | 2°52 | -008214 |. 6-31 | 416067 | 821 
100011364 0006165 | 2°54 f 003220 | 682 | 4876500 | 84-2 
00011837 10006313 | 2:67 | ‘003314 | 6-42 | 468833 | 86-2 
00012232 *0006440 | 2:60 | 098409 | G51 | '470166 | 88-3 
00012627 *600000.; 90:2. 


0006629 | 264 | '008476 | 6-58 4 
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corresponding to which, in ow: table, is 20°6, the 
velocity when allowance is made for the head due 
to the velocity and orifice of entry. 

In general, by taking the valuo of v for the next 
less value of » s in the table, we shall find the 
velocity with sufficient accuracy, and also the valuo 
of 7 8 from , that of v by taking it as the next 
greater. If we, had taken » s = -0008523, the table 
would give » = 3-04 feet, the same practically as 
already found in Eixampir QT, p. 88. 

The value of » s, when iste, determines the value 
of v. If » be assumed of any convenient dimen- 
sions, s is determined; and, in like mamnor, any 
mls value of s me v3 thus: 


7s 
Hs and.“# =1 


It is well to remark, here seat that for pipes the 
value of # is the fourth DEY of the diameter 4, and 
that : 

v= ? and 47 = d, 

In 1857, M. Darcey, inspectour des ponts ot 
chausécs, published his Recherches -expérimentales 
relatives au Mouvement de Man dans les Tuyaux,* 
the result of 198 experiments, in which the velocities 
varied from +08 to 5 or 6 métres per second, or from 1 
inch to 16 or 19 feet, and with pipes varying from 
Jinch to 20 inches diameter. ‘The formula by which 
he presents the results isin métres, 

(a) ci ar=),05 
in which r‘is the radius of the pipe, 1 the hydraulic 


% Morin's Hydraulique, deuxidme édition, Paris, p 104, 
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inclination, 2, & variable coeliciont dopondent on the 
circumstances, and u tho velocity per socond, Jor 
wrought and cast iron pipes of the said state of 
bore, the value of 4 is expressed by M. Davey; y 
the ae 


000647 
@) = 000507 + oe 
the ‘asteentient pee which and oxporiment ig 
shown in the following table. \ 










































Dinmotora. Valuos of 6. Valuos of b, 
AE | PM | cnt | rt me 
Saisie) Meee ee Perec [Paracel |e Ra Oe Cd 
0129 001073 ‘oo1saR |. ; 
+0200 000018 “000003 : 
0805 | “000786 -QOORIG 
‘0819 «| = 000606 000665, 
‘4970 . ‘|. -co0863 1000001 | ‘Woll polished dor | 
71990 peek OTE Vipo alrondy in 
18070, ‘000012 000601, { but tho horodlennos” 
“6000 000500 -QOUKI 


. For ivon.coated with bitumen, the valuo of 4, in 
ae pipe. 196. métres in dinmetor was -0004. 8845 for 
a nowly cast pipo of +188 métros, 4, was 000684; 
and for..a pipe 2432 métres in diameter, d, was 
001168; the relative proportions of 2, in these 
thi'ce instances, ‘being ag 
: 1:1 to 16 and to 8; 
and, therefore, tho velocities, or dischargos, would 
be inversely as the square roots of these, or as 

“95 to 82 and to 58, 


v substituting our notation for that of M. Darcy, 
‘shall have in-métres, from equations (a) and @),” 
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9000018178 


ee = fot ={-0002626 ie ; 
which for fect measures becomes (as 1 métro = 
3-981 feat) 


3-281 x ‘0 id 
s= {0002626 4" x oonot6rr8 v 


, x sygr' 


henco we got. 





: rs 
= oooarrag 4. LOUantss _ 


* gnd, therefore, 





+ Tor all half-inch pipes this soli 
TS + 5 pesaned 
>= {inpogayry) = 005 Vas 
for oll inch pipes, 


ee eae 
= Looorssoa} = 808 8; 


for all two-inch pipes, 


= fount) = 928 Via ay 


for all four-inch pipes, * 


te nie hee 
= { coovog0] = LOT 75; 


for all six “hich pipes, 


: : i. ‘ a 
9 = Lguvoneaa) = 1053 Vrs 
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for all nine-inch is 





= bono WHUSsD 
for all twelve-inch pipes, 


are vis 


4, meen 
v= {aoooea7z} see Vrs; 


for all eighteen-inch pipes, 


78 4 ; — 
o = {aqgoarga} = 107 rs; 


for all twenty-four-inch pipes, 


rs \8 ‘BSTC. 

» = (oqgas} = 1b Was 
and when 7 is large, as for very large pipes and - 
channels, we get the velocity 


rs 4 ; - 
»= {ognoraa} = 18'8 vrs, 


There is evidently, on an examination of these 
resulis, a great error in the formula of M. Darcy, 
As long as the diameter of a long pipe continues 
constant, the velocity is always represented by a 
given fixed multiple of \/7s, or of the square root 
of the product of the hydraulic inclination and 
hydrailic mean depth, no matter how small or great 
the velocity in the pipe may be... For an inch pipe 
this multiplier for feet measures is 80:3. Now with 
a lead pipe I have found, from several experiments, 
that for a velocity of about 15: feet per second, the 
multiplier to be 117 or 118; and for a”yelocity of 
about 22 feet per second, Mr. Hodson's experiment 
gives a multiplier of about 120. Taking the other 
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extreme for large pipes, the multiplier derived from 
M.. Darey’s formula is 113-8, no matter how small 
the velocity may be. Now we have experiments in 
abundance to prove that for velocities of about 12 or 
13 inches per second, the multiplier cannot exceed 
95, We, therefore, look upon these researches of 
M. Darey,as partial and defective, and his formula 
as a representation; at best, of a limited range of 
velocities, in which those at either side are omitted 
or not perceived. 

For small pipes, any obstruction arising from de- 
fective bore, decomposition, encrustation, or from 
diminished -bore, affects the discharge much more 
considerably than the same obstructions in a large 
_ pipe. In order to compare correctly the effects of 

the state of the bore on the discharge, we must use 

pipes of exactly the same diameter, and determine 
the value of 8, from experiments in which the velo- 
city is the same, otherwise the results, as deduced 

‘by M. Darey and given by Morin, cannot be de- 
pended upon, , 


COEFFICIENTS DUE TO THE ORIFICE OF ENTRY,—PROBLEMS. 

Unless where otherwise expressed, the head due 
to the velocity and orifice of entry is not considered 
in the preceding equations. In equation (74), where 
it is taken into calculation generally, : 


295 z 
- oo cp: 
Be ° ere : 


- Ilya.) ‘ 
in which 1 + ¢,is equal to (, ) ,¢, being the coefficient 
a 


B 
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of resistance duo to the orifice of entry, and a, the 
coofficient of velocity or discharge from a short tube, 
If tho tube project-into the reservoir, and be of small 
thiekness, ¢, will be equal ‘T16 nearly, and therefore 
o, = 956; if the tube he square at the junction, the 
mean value of ¢, will be 814, and therefore ¢,= 508; 
and if the junction bo rounded in tho foym of the 
contracted vein, e, is equal to unity vory nearly, and 
¢, 20. For othor forms of junction the coefficients 
of discharge and resistance will vary between these 
limits, and particular attention must be paid to thelr 
values in finding the discharge from shorter tubss 
‘ani those of moderate lengths; but in very long tubes 


: I 
1+ ¢, becomes vory small compared with ox 


and may be neglected without practical error, These 
remarks are necessary to prevent the misapplication ' 
of the tables and formule, as tho height duo tothe 
velocity and orifice of entry is an important clement 
in all calculations for short tnhos, 

Wo havo considered it unnecossary to give any 
formules for finding tho discharge ilself, because, the 
mean velocity once determined, the caloulation of the 
discharge from tho area of the section is one of 
simple mensuration; and the introduction of this 
element into the three probloms to. whieh this por- 
tion of hydraulic engineering applies itself, renders 
the equations of solution complex, though casily 
derived ; and presents them with an appearance of 
difficulty and want of simplicity which oxclndes 
them, nearly altogethor, from practical application. 
The three problems are as follows :— 
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1 Given the full, length, and diameter of a pipe 
or hydraulic mean depth of any channel, to find the 
discharge. 

Here all that is necessary is to fiud the mean 
velocity of discharge, which, multiplied by the arca 
of the section (equal 2? x *7854 in a cylindrical 
pipo), gives the discharge sought, Tanne VIII 
gives the velocity ab once for long channels, accord. 
ing to Du Buadt, or it can bo found from equation 
(1194) by calculation, Tannn IX. gives the dis- 
charge in cubic foot per minuto for difforent diameters 
of pipes, and velocitios in inches per second, whon 
found from ‘ante VITIL or formula (119), Sof 
also Tasnus XJ. ond XIZ, Vor a pipo 6 inches in — 
diameter, tho velocity por second is practically equal 
to tho dischargo in cubie feeb per minute. Seo 
also the tables, pp. 42, 48, 262, and 263, 

Il, Given the discharge and. eross section of a 
shannel, to find the fall ov hydraulic inclination, 

If tho cross seetion he circular, as in most pipes, 
iho hydraulic mean depth is one-fourth of the dia. 
netor ; in other channels ib is found by dividing the 
vater and channel line of the section, wetted peri- 
neter, or barder, into the area, The volocity is 
ound by dividing the area into tho discharge, and 
educing it to inches per second; then in Tanne 
MIL, under tho hydruie mem depth, find tho 
elocity, corresponding to which the fall per milo 
fll be found in the first column, and the hydraulic 
aclination in the second, ‘This resulé can be cor- 
ected by trial and error to accord with formula 


1194), and the twble for the values of 7s and », p. 220, 
a8 
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calculated from it, Seo also tho tables, pp. 42, 43, 
262, and 253. 

IIL. Given the discharge, length, and full, to find 
the diameter of a pipe, or hydraulic mean depth and 
dimensions of a channel, 

This is the most useful problem of tho three, 
Assume any mean radius 7,, and find the discharge p, 
by Problem J. We shall then have for cylindrical 
pipes 


rb: 


5 
af 


Mined: ds 
nd as 7, D, and p, are known, 7? becomes also 
ee and thence» ‘Lanin XIII, will enable us to 
find x with great facility. Thus, if wo had assumed 
7, = 1 and found p, = 16, v being 33, we then have 
Liobisd: oa 1: 2°2, therefore rf = 92; 

and thence by Tannn XIIL, 7 = 1:37, the mean rading 
required, fonr times which is tho diamotor of the 
pipe. For othor channels, the quantity thus found 
must be the hydraulic mean depth; and all channels, 
however varied in the cross section, will have the 
same velocity of discharge, when tho fall, length, and 
hydraulic mean depth aro constant, If %, be as« 
sumed equal to 14 inch, the velocity found from 
Taste VILL. will then be the discharge in cubic feet 
per minuto nearly, and this “mean radius” can 
always bo agsumed for tho first term of the pro- 
portion, Seealso the tables, pp. 42, 43, 262, and 263, 

Tn order, to find the dimensions of any polygonal 
channel whatever, which will give a discharge equal 
to pD, we may assume any channel similar to that 
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proposed, one of whose known sides is s,, and find 
tho corresponditig discharge, p, by Problem 1, or 
from Cannes XT. and XTL; then, if we call the like 
sido of tho voquired chanel, s, wo shall havo 


Dye : 
s=s,(—) , and thence the numerical value from 
° ay 


Tanta SITL ‘Tho result, as before, can be corrected 
to accord with any of our formule by tho method of 
tial and error, 

As it frequently happens that deposits in and en- 
qrustationg ona pipe take place from time to time, 
which diminish tho flowing section considerably, it 
jg always prudent, when calculating tho necessary 
diamotor, to take the largest coufliciont of friction, ¢, or 
to double its moan value, particularly for small pipes, 
when calculating the diameter from any of the for 
mule, Some cngincers, as 1)’ Aubuisson, increase 
the quantity of water by one-half to find the dia- 
meter; bub much must depend on tho peculiar cix- 
cunstances of cach ouse, as somotimes less may be 
sufficiont, or more necessary. ‘The discharge increases 
in similar figures, nearly ay oor ag 2, that is, as tho 
square root of tho fifth power of tho diameter, and 
the corresponding inereaso in the diameter for any, 
given or allowed inevease in the discharge can be 
easily found by meang of ‘ante XITIL, as shown 
above, If we increase tho dimensions by one-sixth, 
tho discharge will bo increased by one-half nearly, 
and by doubling them the discharge is increased in 
the proportion of 63 to 1. 

For shorter pipes, wo have to take into considera- 
tion the head duo to tho yolocily and orifice of entry. 


, 
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Taking the mean coefficient of velocity or discharge, 
we find from Tasuz II. the head due to the velocity, 

’ if it be known; this subtracted from the whole head, 

: H, leaves the head, 4, due to the hydraulic inclina- 
tion, which is that we must make use of in the table, 
If the velocity be not given, we can find it approxi- 
mately; the head found for this velocity, due to the 
orifice of entry, when deducted, as before, will give a 
“close value of f,, from which the velocity may be 
determined with greater accuracy, and so on to any 
degree of approximation, In general, one approxi- 
mation to A, will be sufficient, unless the pipes be 
very short, in which case it is best to use equation 
(74). Exampre VIIL, p. 195, aiid the explanation 
of the use of the tables, Szcrion I., may be usefully 
referred to, 

Tastes XI., XIL, and XIII. enable us to solve 
with considerable facility all questions connected 
with discharge, dimensions of channel, and the ordi- 
nary surface inclinations of rivers, The discharge 
corresponditig to any intermediate channels or falls 
to those given in Tanies XI. or XII., will be found’ 
with abundant accuracy, by inspection and simple 
interpolation ; and in the same manner the channéls 
from the discharges. Rivers have seldom greater 
falls than those given in Taste XII, but in such an 
event we have only to divide the fall by 4, then 
twice the corresponding discharge will be that re- 
quired. Taste XIIL gives the comparative dis- 
‘charging powers of all: similar channels, whetlier 
pipes or rivers, and the comparative dimensions from 
the discharges. We perceive from it, that an increase 
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of one-third in the dimensions doubles, and a de- 

erease of one-fourth reduces the discharge to one- 

half, By means of this table, we can determine by 

a simple proportion, the dimensions of any given. 
form of channel when the discharge is known. See 
Hxampie 17, p. 80. Sce also the tables pp. 42, 

48, 252 and 253. : ‘ 

The mean widths in Tantus XI. and XII. are cal- 
eulated for rectangular channels, and those having 
side slopes of 13 to 1. Both these tables are, how- 
ever, practically, equally applicable to any side 
slopes from 0 to 1 up to 2 to 1, or even higher, when 
the mean widths are taken and not those at top or 
bottom. A semilexagon of all trapezoidal channels 
of equal area has the greatest discharging power, and 
the semisquare and all rectangles exactly the same 
as channels of equal areas and depths with side 
slopes of 14 tol. The maximum discharge is ob- 
tained between these for the semihexagon with side 
slopes, of nearly 4 to 1, but for equal areas and 
depths the discharge decreases afterwards as the slope 
_ flattens, The question of “now mucu?” is here, 
however, & very important one; for, as ‘we have 
already pointed out in equations (28) and (31), the 
differences for any practical purposes may be imma- 
terial, This is particularly so in the case of chan- 
nels with different side slopes, if, instead of the top 
or bottom, we make use of the mean.width to caleu- 
late from. We then have only to subtract the'ratio 
of the slope multiplied by the depth to find the 
‘bottom, and add it to find the top. If the mean 
width be 50 feet, the depth 5 feet, and the side slopes 
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' 2to 1, we gob 50—(2 x 5) = 40 for the bottom, and 
50 + (2 x 6) = 60 for the top width, 

Side slopes of 2 to 1 present a greater differencs 
from the mean slopo of Hi to 1, than any others in 
-goneral practice whon new cuts are to be mado, A 
triangular channel having slopes of 2 to 1, and bot 
tom equal to zero, differs more in its discharging 
power from the half square, equal to it in depth and 
area, than if the bottom in cach was equally ip. 
creased, yet even hore it is easy to show that this 
maximum difference is only 64 per cont. If the 
bottom be increased so as to equal tho depth, it is 
only 44 per cent. ; when equal to twice the depth, 38 
per cent.; and when equal to four times the depth, to 
2 per cont.; while tho differences in the dimonsions 
taken in the same order are only 2:2, 1°8, 1-5, and 
08 per cent. For greater bottoms in proportion to 
the depth the differences become of no comparative 
value, It therefore appears pretty ovident, that 
Tans XT. and XII will be found equally applicable 
to all side slopes from 0 to 1 ap to 2 lo 1, by taking the 
mean widths, Whon now cuts are to bo made, we seo _ 
no reason whatever in starting from bottom rather 
than mean widths, to calculate the other dimensions; 
indeed, the necessary extra tablos and caloulations 
involyed ought ontircly to preclude us from doing 
so. Bosides, the formule for finding the discharge 
vary in themselves, and for different velocitics the 
cocflicient of friction also varies.* Added to which 

* Tho coofficiont m in tho formula v==m (ra)! in rivors for 


volocities from 8 inchos to 8 foot por second, varios from about 
72 to 108; yet, strange to say, most tables aro caloulated from 


ORIFICES, WEIRS, PIPES, AND RIVERS, 238 - 


the inoqualilics in, every river channel, caused by . 
pends and unequal regimen, preclude together any 
regular ty in the working slopes and bottom, though 
the mean width would continue pretty uniform. under 
all circumstances, ; 

The quantities in ‘Tanne XIT, aro calculated, from 
the velocities found from ‘TaBru VITL, to correspond 
toa channel 70 fect wide and of different depths, the 
equivalents to which are given in Tanne XI. In 
order to apply these tables generally to all opon 
channels, tho Intter are to be reduced to rectangular 
ones of the same depth and mean width, or the re- 
yorse, a8 already pointed out, If the dimonsions of 
the given channel bo not within tho limits of ‘Tannn 
XL, divide the dimensions of the larger channels by 
4,and multiply tho corresponding dischargo found 
in 'faptn XIL. by 82; for smaller channels, multiply 
the dimensions by 4, and divide by 82. In lko 
manner, if the discharge be given and exceed any to 
be found in Tain XIUL, divide by 82, and multiply 
tho dimensions of tho suitublo equivalent channel 
found in Tannen XT, by 4. Tf wo wish to find equiva- 
Jont channels of less widths than 10 feet for small 
discharges, nulliply the distharge by 82, and divide 
the dimensions of the corresponding equivalent by 4. 
Many other multipliers and divisors as well as 4 and 
32 may be found from Tanta XTTL, such as 3 and 
one cooficiont nono; on, rtthor, from a formula equivalent to 
§17 (ra)i, which givos rosulis anited only to a velocity of 16 
inches, Dimonsions of chumols calenlated by moans of. this 


formula avo too small in ono cusa, and too large in tho othor, In 
pipes tho variation of tho cvollivionts is shown in tho small tablos, 


pp 214 and 217, 
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15-6, 6 and 88-2, 7 and 130, 9 and 243, 10 and 316, 
12 and 499, &c. The differences indicated at pages 
198 and 199, must be expected in the application of 
these rules, which will give, however, dimensions for 
new channels which can be depended on for doing 
duty. 

It will be seen from Taste XTIL that a very 
small increase in the dimensions increases the dis- 
charging power very considerably. TasLe XII, 
also shows that a small increase in the depth alone 
adds very much to the discharge. If we express in 


: ad 
this latter case @ small increase in the depth, d, by a 
then it is easy to prove that the corresponding in- 


crease in the velocity, v, will be i ; and that in the 


‘ 3D, adit trad ‘ 
discharge », 5, if the surface inclination continue 


unchanged ; hut as it is always observable in rivers 
that the surface inclinations increase with floods, the 
differences in practice will be found greater than 
these expressions make it. As in a large river the 
surface inclination must be very small, four times 
the fall will add very little to the sectional arca; yet 
this increase of fall will double the discharge, and 
we thence perceive how tributaries can be absorbed 
into the main channel without any great increase to 
its depth.” 
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SECTION IX. 


DRST FORMS OF TIM OMANNEDL.—REGIMEN,—VELOCILY,— 
EQUALLY DISCHARGING CIANNELS. 


We have seen above; that the determination of the 
hydraulic mean depth does not necessarily determine 
the section of the channel. If the form bo a circle, 
the diameter is four times the mean radius; but, 
though this form be almost always adopted for pipes, 
the beds of rivers take almost every curvilineal. and 
trapezoidal shape. Other things being the same, 
that form of a river channel, in which the area 
divided by the border is a maximum, is the best, 
This is a semicircle having the diameter for the sur- 
face line, and in the same manner, half the regular 
figures, an octagon, hex- 
agon, and square, in Fig, 
33, are better forms for 
the channel, the arcas 
ad side slopes being 
constant, than any others 
of the game number of 
sides, Of all rectangular channels, Diagram 4, in 
which 4 Bop is half a square, is the best cross section; 
and in Diagram 8, Aon, half a hexagon, is the best 
trapezoidal form of cross section, When the ‘width 
of the bottom, cp, Diagram 8, is given, and the slope 











= 7, then, in order that the sipobarge may be the 


greatest possible, we must have 
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l (a 1 


Oth a 


4 
yh » aid 


ops : nx 
Des yp i 





— ITS Gt s i ' 

= {f2 (ete Ie a x a} tals (iP Ta erie 
in whieh A is tho given aren of tho chamel, As, 
however, wo have never known w river in which the 
slope of the natural banks continued uniform, oven 
though mado so for any improvements, Wo consider it 
almosb tanecessury bo give bablos for different values 
of a. Tt, notwithstanding, wo pul for the inetina 
tion of the slope ad, equal unglo aaa, wo shall find, 


as cob, poem, and 94% ob Ls that tho fore. 


sin, g? 
going equations become 


; of Asi hye an : 
(120) ons ly. GON, A ~ 2 {Ge 1a} 
and 
: pains Ar ious 
(Wah) ODF rrOw X ool, $,* : 


whieh will givo the Dost dimensions for the channel 
when the angle of the slope fov tho banks is known, 

When the discharge from a channel of a given 
area, with given side slopes, is a maximun, ib is easy 
to show that mis 1ypRAULIO MBAN DEPTH MUSE BE TALS 
OF WH CENTRAL on oREAvest psvrit, ‘This simple 
principle enables us to construct Uno best form of 
chamel with great facility, Desertbe any circle on 
the drawing-board » draw the diameter and produce 


* Whon op=o, Tho chanel is winuygulur ; wo gota soe 


X cob, @, und 0a = ae nk 
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ion both sides, ontsile the eircle 3 draw a tangent to 
the lower circumference parallel to this: dicaneter, and 
draw the side slopes ut the yiven inclinations, touching 
the circumference also on cach side ancl terminating 
on the parallel lines : the trapezatd thus formed will 
be the best form of’ channel, and the width at the 
sunfece will be equcl to the sua af’ the boo side 
slopes, Tk is onsy lo perceive that thiy: consbruetion 
nay be, simply, extended for Gnsling Lhe best form 
of achannal having any polygonal border whatever 
of more sides than three and of given inelimetions, 

Commencing with (he best discharging form of chan 
nel, which in practice will have the mean width, about 
donblo the depth ; an equally discharging section of 
double the width of the first will have tho contonts one- 
deventh greater, wuld the depth less in the proportion 
of Lto 186, Ac chunnel of double the mean width 
of the second must have the sectional area further 
inorcased hy whout one-fifth, and a further decrease 
in the depth from 1:67 to nearly. ‘Che greater 
oxpense -of tho excavation ab greater depths will, 
in goneval, move han counterbalance theso differences 
in the contents of the channel, When the banks viso 
above the flood line, and ave unequal in their section, 
the wider channel involves further upper extra cut- 
ting, but there is grenloy eapacily to discharge extra 
and extraordinary Hooding, the banks are less Hablo 
toslip or give way, the slopes may be legs, and the 
velocity being also lows, Che regimen will, in general, 
be hotter preserved, ‘Phe lable of equally discharg-. 
ing channels, p.25%, will afford tho meangof calculating 
tho differones of cubical contents, 
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When tho sectional area is given, tho above tablo 
shows that the semicircle is the best discharging 
channel, and tho complete cirele the worst; tho 
latter is so, however, only compared with the open 
channels given in the table, it being the very best 
form for an enelosed channel flowing full, Zhe. best 
form of channel ts particularly suited for new cuts in 
flat, marsh, callow, and fen lands, in which tt is also 
often nelvisuble to cut them with a level bed, up from 
the discharying point, in order to increase the hy- 
draulio moan depth, and consequently the velocity 
and dischargo, 

As the quantity of water coming down a river 
channel in @ season varies very considerably,—wo 
have observed it in one case to vary from one to 
thirty, and occasionally in the same channel from 
one to sowenty-five,—tho proportion of the water 
section to the channel. itself must also vary, and 
those relations of the depth, sides, and width to cach 
other, nbovo referred to, cease to hold good and be’ 
the best under such circumstances, If the object be 
to construct @ mill-race, temporary drain for m- 
wateringy a river, or other small channel, in which 
tho depth remains nearly constant, channels of the 
form of a half hexagon, diagram 3, Fig. 33, will be, 
perhaps, the best, if the tenacity of the banks per- 
mit the slope; but rivers, in which the quantity of 
water varies considerably, require wider channels in 
proporLion to the depth ; and also, that the velocity 
bo so proportioned to the tenacity of the soil, or as 
itis termed “ the regimen,” that the banks and’ bed 
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shall not vary from time te time lo any injurions 
extent, and that any deposits made during: they 
simmer state, and during light freshes, shall be 
awvied off periodically by Meads, Another elven. 
stance, ulso, modifies the ofleets of the water on the 
Danks, It is this, that at enryes, and tunis, the 
current acls with erentest edfeck against tho bank, 
concave to the di. = 
rection in which 
ibismoying; deep- 
ening the chamel 
there ; undermin- 
ing also the bunk, 
ag aba, Vig, 845 and raising the bed towards the 
opposite sido a, ‘Tho reflexion of the current to 
the opposite bank from a acts also ina similar man- 
ner, lower down, upon ig; and this nataral operation 
proceeds, wilil the manber of turns, inereased length 
of channel, and loss af tread fram velloxton and 
unequal depths, bring the aurents inte regimen with 
the bed and hanks. AG all bends ib is, therefore, 
prudent to widen the channel on tho convex side , 
Tig, 84, in order to reduce Lhe veloaily of npproach ; 
and if the bed be here also sunk elow ils natural 
inclination, as we seo it in most rivery at bends, the 
velocity will bo farther reducod, and tho permancnee 
of the bed better established. 

‘The cireumstances to be considered in deciding on 
tho dimensions and fall of a new viver course, after 
the depth to which the surface of the water is to be 
brought has been devided on, are the following — 





ae 
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The Mean velocity must not be too slow, or ; 
aquatic, plants will grow, and deposits take place, | 
yeducina gy the sectional area until a new and smaller 
channel is formed within the first with just sufficient 
velocity ¢5 keep itself clear, . This velocity should 
nob 10 general be less than from ten to fourteen 
inch Der second. The velocity in a canal or river 
is eased very considerably by cutting or re-° 
moving y-eeds and aquatic plants growing on the 
sides OY Jy ottom.* : 

The mean velocity must not be too quick, and- 
should Ibe go determined as to suit the tenacity 
and re8istance of the channel, otherwise the bed and 
banks will change continually, unless artificially 
protectecl ; it should not exceed 


265 feet per minute in soft alluvial deposits. 
40 woo clayey beds. 
Go » on sandy and silty beds, 
120 noon gravelly. 
_ 180 ean strong gravelly shingle. 


% “M. Grivard a fait observer, avec raison, que les plantes aqua- 
tiques, qui carvissent tonjours sur le fond et sur les berges des 
canaux, aermaentent considérablement le perimétre mouillé, et par 
suite ln résistance; il a rapellé que Du Biat, ayant mesuré la 
vitesse de L’e@ru dans le canal du Jard, avant et aprés la coupe des 
vosouux doazt il était garni, avait trouvé un resultat bien moindre 
wat qvapreés. En conséquence, il a presque doublé la’ pente 
doméc paws le caleul . . .”—Traité d'Hydraulique, p. 186. 
When the fx111 does not ekosell: a few inches per mile, the velocity; 
as determined from the inclination, is very uncertain, ‘and for this 
reagon itis «davays prudent to increase the depths and sectional 
avons of chainels in flat lands, as far as the regimen will permit. 
In such eases the section of the channel should approximate 


towards the Isest form. See p, 238. 
R 
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240 feet per minute in shingly, 
800 ‘i “ shingly and rocky. 
400 and ‘upwards in rocky and shingly.* 


A velocity of 180 feet per minute will remove an- 
gular stones the size of an egg. Mr. Phillips, andor 
the Metropolitan Commissioners of Sewers, states 
that 24 feet per second, or 160 fect per minute, 
is sufficient to prevent soil depositing in sewors, 

The fall per mile should decrease as the hydraulic 
mean depth increases, and both be so proportioned 
that floods may have sufficient power to carry off the 
deposits, if any, periodically, The proportion of the 
width to the depth of the channel should not be, 
derived, for new cuts or river courses, from any 
formula,. but taken from such portions of the old 
channel as approximate in depth and in the inclina- 
tion of the surface to that proposed. When the 
depth is nearly half the width, the formula shows, 
cateris paribus, that the discharge will bo a muasi- 
mum; but as (altogether apart from the question 


* TABLE OF VELOCITIES OF KOME MOVING NODIRA COMPARED WLTIT THONK OF NIV, 
pene ras 


Miles | Foot Miles Pert 


* Objects in motion, per per Objects in motion, per yer 
hour, | sbeond. jour, f sovani 





Railway traing, Pronch . 493 
German, 65} 
Currents of ordinary rivers, Bound when almeaphers 

upto is at f2° Kahr. se as ono 
Currents of rapid vera. Ditto 60° Fuhr. 5 . i" Ae 
Man walking... Alc rushing into vacuum i ei 
Horse trotting *| Ditto when the barametor 
Swistest racehorse . 1. as) atanda at AOinchon . iou 
Moderato winds... Common muskot-ball . ', 1,247 
Storma “69% |Rife-botl. . 2. eee 107 

Hurricanes Cannon-bnl ) 
Switt English steamboats Bullet discharged from: nr: 
nayigating the channels, ; gun, air bolng comprons- 
Suit Awerioen “River ed into the lundredt) 
part of its vélune. . 
Fast sailing vessels» |} A polnt on earth's asivéaco 
Railway tens, Boalt 2 i a the equator moving 
Ameriean yound the axia » + ‘ 1 52h 
25 Envth moving round suai ; | 68,183 [200,000 


Cnrrent of slow rivera. 
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of expense) the quantity of wator discharged daily, 
at different seasons, may vary from one to seventy, 
or more, and “ the regimen” has to be maintained, 
the best. proportion between the width and depth 
of anew eut should he obtained, as wo have stated, 
from some selected portion of the old channel, whose 
general circumstances and surface inclination ap- 
proximate to those of the one proposed; and the 
side slopes of the banks must be such as are best 
suited to the soil. Tho resistaneo of the banks to 
the current being in general less than that of the 
beds, which get covered with gravel, and the neces- 
sary provision required for floods, appears to be 
the principal reason why rivers are in general so 
very inuch widor than about twice the depth, the 
relation which gives the minimum of friction, 

The following tablo is given by Rennie, as an 
approximation, generally, to the actual state of 
riyers,* ‘Tho surface inelinations, however, given 
in this tablo for tho first and second classes, are 
very considerable for large rivers, and would give 
velocitics which would effectually scour them, For 
vhydrautic moan depth of 12 fect, the velocity, with 
a full of aN would be 2 fect 8 inches per second 
by Du Buat’s formula; and 3°3 fect per second by 
our formula, Tho description, therefore, can only 
apply to small channels, In fact, 4 inches to a 


nile, or 1s74q 18 & considerable inclination for a 
large river. 


*® Report to the British Association 18384, 
. RB. 
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The following information with reference to the sur- 
face inclinations of the Thames,is from Rennie's Report 
on Hydraulics,* as a branch of engineering science. 








Names of places, 


Length. 


Fall in fect 
per mile, 









Ratio of 
inclinations. 




















From Lechdale at St. Foln's 
Bridge to Oxford at Folly 
Bridge. . « 

From Oxford to Abingdon 
Bridge . 

From Abingdon ‘to ‘Waltng 
ford Bridgo ars 

From Wallingford to Read: 
ing Bridge. . . 

From Reading to Honey 
Bridge. . 

From Henley to Marlow 
Bridge . . 

From ‘Marlow to "Maiden: 
“head Bridge. . 

From Maidenhead Briaga to 
Windsor Bridge... . 

From Windsor to Staines 
Bridge... 

From Staines to ‘Chertsey 
Bridge . 

From Chertsey rm Tedaing: 
ton-Lock . . 

From Teddington- ‘Lock’ to 


London Bridge... 
From London to Yanlet 
Qreak «2. se ee 


Mes, Fur, 


28 

9 
lt 
18 


-~— 2 rt Dw oD 


18 
19 
40 


oo PF FSCO BO oO SG oO oO oO eg 
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HS eB me Dw oe ww w& 


1:68 
1:73 
105 
131 



































From Lechdale to Yanlet 


Creek 6 6 eee ee 
Deduct . . , 





From Lechdale to London 





186 
40 


on 




















For enclosed channels, the circular form of sewer 
will have the largest scouring power, at a given 


hydraulic inclination, 


For the area of the sections 
being the same, the velocity in the circular channel 
will be a maximum. When the supply is intermit- 
tent, and the channel too large, the egg-shaped form 


* Report, for 1884, of the British Association. 
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with the smaller end for the bottom,—or the sideg 
vertical with an inverted vidge-tile or V botlom foy 
drains,—will have av hydrostatic flushing power to 
remove goil and obstructions, whieh a cylindrical 
channel, only partly full, does not possess 5 bevanse 
a given quantity of water vises higher against the 
game obstruetion, or obstacle, to the flow in tho 
pipe. It must bo confessed, Lowever, that for small 
drains and house-sewage, this gain is tumaterial, and 
is at best but effected by a sacrifice of spreo, mate- 
vial, and friction in the upper part of drains, from 
6 to 12 inches in diamoler. Besides: Gis, the mere 
hydrostatic pressure is only intermittent, and during 
an ordinary, or heavy, fall of rain, tho hydrodynamic 
power is always more efficient in scouring properly 
proportioned cylindrical drains ; and the workman. 
ship iv. the form and joints is less imperfeot than for 
more compound forms, as those with egp-shaped and 
inverted tile bottoms, ‘The moulds ant joints of 
eylindrical stone-ware diains, exceeding 12 inches 
in diameter, are seldom, however, hi largo quantities 
perfect; and the expense will exeeed hit of brick, 
stone, or other sufficient drains in most localities, 
As to the inercased discharging power which it is 
asserted by some, stonc-waro cylindrical drains pos- 
sess over other ordinary drains, no doubt ib is true 
for small sizes, because Uho form, joluting, and sw 
face aro in general more smooth and cireular; and 
Jor sewage matter,* the friction and adherence to the 
sides and bottom is legs ; any advantage from these 
causes becomes, howover, immaterial for Who larger 


* Weisbach found tho cocfliciont of vesiatiiee 76 tines ts 
great for small wooden as for motallio pipos, All pormeable pipes 


rar 
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sizes, a these can he constructed of brick or stone 
abundantly perfect to any form, and sullieiently 
smooth for all practical purposes, for in the larger 
proporly-proportioned sizes tho sre amount of siu- 
fice roughness opposed to tho sowage matter is, com- 
paratively, of no oleet. The judicions inclination 
and form of tho holtom, aud properly eurved june- 
tions, are Che principal points to bo attended to,. 
Smaller drains tile-bottomerl, with rick or stone 
sides; and flat-covercd, have one great advantage 
over circular pipes® hey can he opened up, for 
exuminuion and repairs at any timo with facility, 
and ab the smallest expense ; but greater certainty 
must be altached lo the working af svc7/ stone-waro 
draing than to equilly-sized small Infiek or stone 
drains, and thoy will he found, in general, also 
cheaper, ‘This, however will depend on the loaality, 

Te may be observed in munorous experiments, 
that water flowing from a pipe does not citirely All 
tho orifies of exit, whon tho velocities are not cou- 
siderable, and yet the results ae found to bo bub 
slightly alectod if a Little more than Uivee-fourths of 
the civeumfercnee bo full, Tt is easy to demonstrate 
that the full cirelo does not give the maximun dis- 
charging velocity ay has heen generally believed, but 
present yroator vesishunee than dupermedtle ones ; honeo tho prin- 
cipal ndvioitiayge dovived fron grlazings. 

* Lnlbsocket joints at bottom would remody this imperfection 
in snull pipes, and they could bo hotter nid md eomontod. A 
somicireular fhaige Init on at top would aflectually protect: the 
Joint on the upper side, Tatterly Doulton hes eut off an upper 
sogment from the pipe, whieh can he removed for cleaning, And 
it may bo domouxtrated, Uni when this is a segment of 784 


dogreos, (ho lower portion will discharge more than a full pipo at 
tho samo inclination. 
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when filled to the height Vig. da, 
of the chord ae of are ff Le 
aec of T8} degrees, and 
where the velocity is 93 
per cent. over that due 
to the full circle, for then 
the @e ade 
are ade 
muin, and the length of 
the arcadecis equal to the tangent of the supple- 
* mental are aee, as may be without difficulty demon- 
strated. The hydranlic mean depths of the cirele 
and larger segment are to each other as ‘5 to *6, and 
their square roois, which are as the velocities or 
scouring powers, are as 1 to 1:095. The discharging 
powers are to each other ag 1x 8:1416 to 1-096 
-.X2'946, or as 1 to 1:026, which shows that tho seg- 
ment adc has also a greater discharging power {han 
the whole circle of nearly three per cent. These facts, 
which were first pointed ont by tho author, are nob 
wnimportant in matters connected with pipe-drains 
"and sewerage, The effects of groater velocity ant 
discharge here pointed out, are sometimes increased, 
in short pipes, from the fall between the surface « ¢, 2nd 
the surface from which the head is measured, boing 
greater than the fall to the top of the pipe at e, or from 
the inclination of the surface of the water in the.pipo 
being greater than the inclination of the pipe itself. 


is a maxi- 





EQUALLY DISONARGING CHANNELS, 


In order that different channels should have the 
same discharging power, the inclination of the sur- 
face being the same, the areas must be inversely as 
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the square roots of tho hydraulic mean depths, ‘The 

channel « den, Fig. 35, will havo tho same discharge 

as the channel anox if they bo to cach othor 
ADOB aden t 
AD-EDOG FOR led + dees 








and hence the square root of the eube of the channel 

“area, divided by the border, must be constant, With 
a fall of one or more fect to a mile, two channels, ono 
70 feet wido and 1 foot deep, and the other 20 feot 
wido and 24 feeb deep, will have the samo dis. 
charge, If we put w for the width and d for 
the depth of any rectangular channel, thon 


Bp 
wre Y i i 
Rite Jism; we therefore have tho eubie equation 
we Qed 
2a ne 
(122, Bd 
: uy Ww 


for finding tho depth @ of any other rectangular 
channel whose width is 2, of the same discharging 
power, We have calculated the depths d for different 
widths of channel from this equation, assuming a 
width of 70 fect and different depths to find m from, 
The results aro given in Tasty XI, which will bo 
found sufticiently accurate for all practical purposes, 
when tho banks ave sloped, by taking the mean width. 
This table is equally applicable to any mensures 
whatever, to their multiples, aud sub-multiples, 

If the hydvaulic inclinations vary, then the 77s 
must he inversely as the aveas of the channels when 
Vrs x channel or the discharge ig constant; and if 
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the area of the channel and discharge be cach con- 
stant, * must vary inversely as s; and 7 s bo also 
constant, Jor instance, a channel which has a. fall 
of four feet pex mile, and a hydraulic mean depth of 
one foot, will have tlie same discharge as another chan- 
nel of equal area, having a hydraulic mean depth of 
four feet; and a fall per milo of only one foot, if in 
Taste XII. we take the same discharge from the 
columns for different inclinations, we shall get the 
mean rectangular dimensions corresponding to them 
in the first column, and thereby be enabled to select 
an equally discharging channel from TasLe XI, suited 
~ to an increase or decrease of the hydraulic inelina- 
_ tion.* 

We have, however; calculated for this edition the 
table at p. 252, of equally discharging river channels, 
with a primary channel having a mean width of 100, 
instead of 70, ds in Taste XI; and in the table at 
p. 253 we have given the discharges at differcnt in- 
clinations from this new primary channel, to find 
those from its equivalents, The tables ab pp, 42, 43, 

253, and Tanrz VIII, have been caleulated from 
Du Buat’s formula. For slow velocity of only a few 
inches per second, the dimensions should be increase 
by about one-sixth, and the discharges by about one- 
half. 

With reference to pipes, it is apparent that a given 
depth of roughness or contraction arising from any 


* Tables similar to numbers XL, XIL, and KILL, but on a 
much more extended scale, have been printed and, published by 
Mr. Weate, on a separate sheet for office use, and may be hod. 
from him, 
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cause will have a greater effect the smaller the dia- 
meter becomes. Now in practice, it is necessary to 
increase tho diameter beyond what is found by ealeu- 
lation, For small service pipes half-an-inch is the 
smallest. diameter in general use. Tor maing and 
sub-maing the value of ¢, in equation (742), or ab p. 
914, should at least be doubled, or the discharge taken. 
atone and a half tines its amount to find the dias 
meter, By cnlarging the diameter by one-seventh, ones 
half the amount will be added to the discharge, very 
nearly; aud byincreasing the diameter by one-third, the 
discharge will be doubled, In a broad and practical 
senso, and considering the losses arising from depos 
sitious,* pipes under two inches should have one 
third ov more added td theit cateulated dimensions, 
and larger pipes from one-third to one-seventh—cven 
afier making allowance for junctions, bonds, and con- 
tractions, for large conduits or channels the allow- 
anco need not be so largo, if the maximum quantity 
to be conveyed be duly estimated 


&* Mr. Batomin Intely in giving ovidenee says -—" Ho wished 
to montion a circumstance which inight be useful with regard to 
tho spongills found in the Dublin water pipes. At Manchoster, 
holora the introduction of sof water, tho city was supplied with 
had water, which favoured tho growth of « small fresh-water 
mussel, which thickly lino the reservoirs and pipes. ‘I'hora wero 


myriads of thom, and they lay in tho pipos as thick as paving - 


stoucs, ‘thoxo wore eunsod by tho large quantity of lime in tho 
witor, Ifo was envious to see what would bo tho effect of passing 
water without lime. ‘This was dong ton or cleven years ago, and 
the result. was that these mussols had entirely disappeared, Thera 
was no Jongor anything from which thoy could mako their shells, 
and for yours, on their discharge, tho small pipes were found 
choked with thom, If sofe water wero supplicd to Dublin in 
place of the present luwd weter, which probably favoured tho 
growth of spongille, they would probably disappear.” 


TABLE of mean widths and depths of equally discharging trapezoidal River-channels, or 
Sewers, with side slopes up to 2} to.1, Practically all viver-channels may be reduced ta 
rectangular sections of equal areas and depths to find the discharge. 


Primary 
Channel 


Mean xeetangular dimensions of equally discharging wator-chawnels or sewers,in any {Primary 
measures whatever, inches, feet, yards, fathoms, or their aliquot parts, or multiples, [Channel 
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SECTION X. 


’ EFFECIS OF ENLARGEMENTS AND CONTRACTIONS.——BAOKWATER 
WEIR GASE.—LONG AND SIIORL WEHIRS, 


When the flowing section in pipes or rivers expands 
_or contracts suddenly, a loss of head always ensues; 
this is probably expended in forming edidics at tho 
sides, or in giving the water its new section. A side 
current, moving slowly wpwards, may be frequently 
observed in the wide parts of rivers, when the channel 
is unequal, though the downward current, at tho 
centre, be pretty rapid ; aud though we may assume 
generally that the velocities are inversely as the sec- 
tions, when the channels are uniform, we cannot 
properly do so when they are not, and the motions 
so uncertain as those referred to, When a pipe’ is 
contracted by a diaphragm at hey ania 
the orifice of entry, Fig, 27, : 
we have seen (equation 60), 
that the loss of head is, 


a 
(Sete ae 


When the diaphragm is ce in a uniform pipe, 
Fig. 36, then a = 0, ae we get the loss of head 








—_—I] et 

aly 
(124,) h=—ys re 
and the coefficient of ees: 
(125.) ¢,= (= 

a cu 


as in equation (67). The sasnaati of dischargo ey is 
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hore equal to tho coefficient of contraction ¢,, or very 
nearly. Now wo havo shown in-cquation (45), and 
tho remarks following it, that the value of tho co- 
oficient of dischargo, «4, varios according to the ratio 


of the, sections, A x and in Tass V. we have calen- 
th . 2 


Jated the new coefficients for different values of the 
ratios, and different values of tho primary coelliciont 
¢y If we assume ec, when a is very large compared 
with a, to be 628, we then find by attending to the 
remarks at pp, 109 and 128, that the different values of 
¢, corresponding to ‘807 x4, taken from Taste V,, 
ao those in columns Nos, 2 and 6 of the next small 
TAME OF OORFVTIOTENTH FQR GCONTRAVUTION, RY A DIAPIERAGM IN A PIPE, 
a 


Cr - 
A 


“128 | infnito “a The 
OHO) RIED : “763 


“oad ded “807 
LT 172 “B16 
U8 TT ‘ “B00 
“O8H od 1-000 














a» ‘Tho general value of ¢ as given by Professor Rankine, is 


“OTK : 
ey which is equal to unity when @ = 4, as it 





should ho ; and equal to +618, whon @ is vory small, compared with 
aus it also should bo whon the diaphragm is a thin plete, but 
nol otherwise. Tt the thicknoss of the diaphragm be twico the dia- 
meter al tho orifea a, tho cooficiont of discharge would bo °815 ; 
aud if the highor arvia bo voundod, this would bo increased to 1, in 
which eases Ue oxpression would cloarly fil; tho thicknoss of the 
diuphrugin and tho form of tho aportnro « must ulso be considered, 


256 PY DISCIARGH OF WATER FROM 


table, the values of tho coollicient of resistance, in . 


columns 3 and 6, being calenlated from equation (125) 
Yor ‘the respective new values of the coeflicient of 
discharge thus found. The table shows that when 
the aperture in a diaphragm is yoths of the seetion of 


the pipe, that 47 times the head due to the velocity: . 
is lost thereby, If the aperture in tho diaphragm bo "' 


rounded at the arvises, the loss will not be so great, as 


the primary coeflicient ¢ will then be greater than ' 


that due to an orifice in a thin plate: see cocflivients, 
p. 174. 

When there are a number of diaphragms in a tube, 
the loss of head for cach must be found separaicly, 
and all added together for the total loss, If the 
diaphragms, however, approach each other, so that 
the water issuing from one of the orifices a, Fig. 36, 
shall pass into the next beforo it again takos the 
velocity due to the diameter of the pipe, the loss will 
not be so great as when the distance is sulliviont to 
allow this change to take place, ‘This view is fully 
borne out by the experiments of Kytelwein with tubes 
1-03 inch in diameter, having apertures in the diaph- 
ragms of ‘51 inch in diameter. 

Venturi’s twenty-fourth experiment, with tubes 
varying from ‘75 inch to -934. inch in diameter at the 
junction with the cistern, so as to take the form of 
the contracted vein, and expanding and contracting 
along the length from ‘75 to 2 inches and from 2 
inches to ‘75 inch alternately, shows the great loss of 
head sustained by successive enlargements and con- 
tractions of a channel, even when the junction of the 
parts is gradual. Calling the coefficient for the short 
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tubo, with a junetion of nearly the form of tho con- 
tracted. voin, 1, then the following eoofilcionts aro 
derivable from the oxperiment :— 


Short tho with vomnded junation 2... 

Ono anlaygemont 2 6 6 eee TAL 
‘hroo onlargomontg yk ey ee HOD 
Vivo onlaygomonts 6. ee ABA 


Simplo tuhe with a rounded junction of the 
suno longth, 86 inches, as tho iuho with 
tho five onlargod parts, . 0. 0. 0... 1786 


Tho head, inthe experiment, was 324 inches. Venturi 
states that no observable differences aceurred in tho 
tinos of discharge when the onlarged portions wore 
Jongthened from 3% to 6} inches. Soe tables, pp. 152 
and 191, 

With rveferonco to this exporimont, so ofton quoted, 
itis necessary to romark that the diameters of tho 
enlurged portions wore 2 inchos each, while the lengths 
varied only from 8) to 64 inches, and consequontly 
were ab most only 8} timog the diamoter, Now with 
such & largo vabio of tho pe————— 

“width to the longth of the 
cnlargod portions, @ a BO, 
Fig, 87, ib is probly clear |¢ 
that neg deal of the head #4 
is lost by tho impact of the moving water on the 
shoulders A and x. That this is so is evident from 
the fact, stated by the oxperimenter, of the time of. 
dischargo romaining tho sama when a A, in five dif- 
ferent erlargoments, was increased from 38% to 64 
inches; though this must havo lengthened tho wholo 

5 
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tube from 36 to 50 inches,* thereby increasing the 
loss from friction proportionately, but whieh happeued 
to be compensated for by the reduction in the resist- 
ances from impact at A and zB, and in the eddies, by 
doubling the lengths from a to a, 

If, however, the length from a to A be very large 
compared with the diameter, and the junctions -at a, 
A, B, and 5, be well grafted, less loss will arise from 
the enlargement than if the smaller diameter con- 
tinued all along uniform, The explanation is clear, 
as the resistance from friction is inversely as the 
square roots of the mean radii; and the length being 
the same, the loss must be less with a large than a 
small diameter, : 

These remarks, mutatis mutandis, apply equally to 
rivers as to pipes. We have already, pp. 140 and 147, 
pointed out the effects of submerged weirs and con- 
tracted river channels, and given formula for caleu- 
lating them. 

BAOKWATER FROM CONTRACTIONS IN RIVERS. 

A river may be contracted in width or depth, by 
jetties or by weirs ; and when the quantity to be dis- 
charged is known, we have given, in formule (9), (55), 
and (57), equations from which the inercase of hend 
may be determined. The effect of a weir, jetty, or 
contracted channel of -any kind, is to increase tho 
depth of water above; and this is sometimes neecs- 
sary for navigation purposes, or to obtain a head for 
mill power. When a weir isto rise over the surface, 
We can easily find, from the discharge and length, the 
discharge per minute over each foot of length, with 
Which, and the coefficient due to the ratio of tho 


* The dimensions throughout this experim re gi i 
he ensi % ent are givon ag in 
the original, viz, in French inches. ‘i : 
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sections, on and above the weir, found from ‘Tanta Vv, 
yo can find the hoad from ‘Tanie VIL For submerged 
weirs and contracted widths of channel, the head can 
bo best caloulated, by approximation, from the equa- 
tions above referred to, 

Tho head once determined, the extent of the back- 
water is a question of some importance. If ro op, 
Tig. 38, be the original surface of a river, and aaBTr 
thoraisod surface by backwater from the weir at a, then 
tho extont av of this backwater, in a regular channel, 
will be from 1:8 to 1-9 times'ao drawn parallel to the 
horizon to meet the original surface ino, This rule 











“Fig. 38 





tC, ny 
will be found useful for practical purposes; but in 
order to determine moro accurately tho riso for a 
given length, 1, By or 2B B, of the channel, it is neees-~ 
sary to commence at tho weir and calculate the 
heights from a to x, B to ny, and from n, to ny sepa~ 
rately, tho distanco from a to n, being supposed 
divided into some convenient number of equal parts, 
so that tho lengths ar, Bn, &e., may bo considered 
freo from curvature, Now, as the head ap is known, 
or may bo culenlated by some of the preceding for- 
mule, the seetion of the channel at the head of tho 
weir also becomes known, and thenee the mean yelo- 
city in tt, by means of the discharge over the weir, 
Putting « for the area of the channel at an, d for its 


depth as, and v for the mean velocity; also a, for 
a3 


260 THE DISCHARGE OF WATER FROM 


the area of the channel at 51, d, for its depth, and 1, 
for its mean velocity ; 4, the mean border between 
the sections at an and 31; 7, the mean hydraulic 


depth ; ae the mean velocity; ap =A; Bom hy; 


the sine of angle opu==s; and the length an = Do 





nearly =7; wegeta Xuma, X% and 7, =“ Th, 


but as, in passing from B to a, the velocity es 


2 a2 
from v, to v, there is a loss of head equal Ta , 





and if ¢ be the coefficient of friction, there is a loss 
uy + vy? 
, 1 ( : 2 ) 
of head from this cause equal ¢% x a) g 3 
hence the whole ~ of head in passing from B to a 








ye hn ct oF +e ye ‘ 

"87 eye: But this 
change of head is cat to BE—AD=BO-+0R—AD 
= h, +1s —h, whence we get 


is equal to ¢ x 


A tots ae ee He" x Stet 











a 
ye = Zi 
~— Tg —Ts; 
A 
or as vy, = mr and 7, = a » we get, by a few re- 
ductions and change of signs, 
(27) A ty = (sa X Ba X 4 shat x gy)! 
Ba a OM 
" + yr * GF 


and therefore we get 
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B_ 42 

bh =a" xy, 

(128.) i=- i J 
73 bn xX fA) 
io a mae 7 


from which we can calculate the length 7 corre- 
sponding to any assumed change of level between a 
and n, Then, by a simple proportion we can find 
the change of level for any smaller length. To find 
the change of level directly from a given length dogs 
not admit of a direct solution, for the value of h—/, 
in equation (127) involves 4,, which depends again 
on 4—/,, and further reduction leads to an equation 
of a higher order; but the length corresponding to 
a given rise, /,, is found directly by equation (128). 

When the width of thé channel, w, is constant, and 
the section equal to w x d nearly; the above equa- 
tions admit of a further reduction for A, = d, w and 
Ac dw; by substituting these values in equation 
(127) it becomes, after a few reductions, 
(129.) h—h =d—d, 

d x d, y ee d i 

= (s—c, x By X var atte ag) i+ “a X agi 


or, as it may be further reduced, 








ox my tthe, 
6 $7 aX Ty Td, SIG 
(180.)  h—y = ad A Lx 1; 
1 
1-H" X 9 


Now, we may take in this equation for all practical 


purposes, 
G+ by _ bo 
Id, * dw dw 


approximately, b being the border of the section at 
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AH; and also, ee = =| approximately ; there- 
i 


fore we shall have 


oF b x oe 

ie OS SHOX Ty wr 

(181.) h—-h=——_y yr x OY 
I aX ag 

and 


9 2 
(h—~Iy) X (1=3% 9). 





(132.) l= —7 a 
5— OX dw x v7 

b oi oo. 
Now, a8 77 =>) 29 = 64-4, and the mean value of 


the coefficient of friction for small velocities ¢,= 
‘0078, we shall get 


64:4 ds 0078 a 


(188) = h—-—gpg gaye KA 
and 
(184.) a =n) x (B44 d ~ 204) 


64-40-0078 Sot 


very nearly. Having by means of these equations 
found az from Bo or 4, and Bo from 4B, we can in 
the same manner proceed up the channel and caleu- 
late 3,6, BO, &, until the points z, 3, B, in the 
curve of the backwater shall have been determined, 
and until the last nearly coincides with the original 
surface of the river. When 4, = 0, we shall have 


64:4 ds— ‘0078 oe 
= erga — X4 
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Tf we examine equation (184) it appears that when 
644 a= 2v*, FT must be equal to zero; or when . 


d is F , 
5 ach equal the- height due to the velocily », 


When Z is infinite, 64-4 must exceed 20%, and G4-4ds 
equal to ‘0078 “8, 


or, se xs ot, and v = 900 rs. 
This is the velocity due to friction in a channel of 
the depth ¢, hydraulic mean depth r, and inclination 
s; and, as in wide rivers * = d nearly, v = 90°9 
Vids, but when the numerator was zcro we had from 
it v= 392d; equating these values of v, we get 


s 220039 = = nearly : see p. 139, Now, the larger 


the fraction s is, the larger will the velocity » become ; 
aud the larger » becomes, the moro nearly, in all 
practical cases; will tho terms 


G14 ed —2 o* and 644s — 0078 : 2%, 


in the numerator and denominator of equation (134), 
approach zero; when 64:4 d@ — 2 v* becomes zero first, 


1=0; when 64-4 ds— 0078 d v* becomes zero first, 
7 equals infinity; and when they both become zero 
at the same time, 7=A—A, ands= = see p. 189; 


if s bo larger than this fraction, the numerator in 
equation (184) will generally become. zero before the 
denominator, or negative, in which cases 7 will also 
be zaro, or negative; and the backwater will take the 
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form F 0, b, , b a, a, Fig. 88, with a hollow at o,, 
Bidone first observed a hollow, as F cz &,, when the 


inclination s was Sat When the inclination of 4 river 


channel changes from greater to less, the velocity is 
obstructed, and a hollow similar to ro, &, someltmes 
occurs; when the difference of velocity is consider- 
able, the upper water at 2, falls backwards towards 
c, and r, and forms a Dore, a splendid instance of 
which is the pororoca, on the Amazon, which takes 
place where the inclination of the surface changes 
from 6 inches to jth of an inch, per mile, and the 
velocity from about 22 feet to 44 feet per second. 


WEIR CASE, LONG AND siOnNt WEINS. 


When a channel is of very unequal widths, above 
a weir, we have found the following simple method of 
calculating the backwater sufficiently accurate, and 
the results to agree with observation, Having as- 
certained the surface fall due to friction in the channel 
at a uniform mean section, add to this falt the height 
which the whole quantity of water flowing down would 
rise on a weir having its crest on the same level as the 
lower weir, and of the same length as the width of the 
channel in the contracted pass. The sum will be the 
head of water at some distance above such pass very 
nearly, A weir wag recently constructed on the 
river Blackwater, at, the bounds of the counties 
Armagh and Tyrone, half a mile below certain mills, 
which, it was asserted, were injuriously affected by 
backwater thrown into the wheel-pits, The crest of 
the weir, 220 feet long, was 2 feet 6 inches below tho 
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pits the river channel bolweon varied from 60 and 
57 feck to 123 fect in width, fram 1 foot to L: fect 
deep ; and the fall of the surface, with 3 inches of 
water passing over tho welt and the slulees downy 
was nearly 4 inches in tho length of half a milo, 
Having 8edn tho iver in this state in smmmdr, tho 
writer had to caleulate the backwater produced by 
different depths passiig over the woir in autumn and 
winter, which in some cases of oxtradrdinary floods 
were known to rise to 8 fect. The width of the 
chanel about 60 feet above the weir averaged 120 
fect, ‘Lhe width, 2060 fect above tho weir and 550 
fect below the mills, was narrowed by a slip in an 
adjacent canal bank, to 46 fect at tho lovel of the top 
of the weir, the average width at this place ds the 
water roso being 56 feet, ‘he channel above and 
below the slip widened to 80 and 128 foot. Between 
the milla and the weir thoro wero, thorefore, two 
passes; ono at tho slip, avoragiiig 65 feot wide; 
amothor above the walr, about 120 fect wide. As- 
suming as above, that the water rises to the heights 
duo to weirs 66 nnd 120 fect long, at theso passes, 
we gel, by wi casy calculation, or by mews of Tabne 
X,, the heads in columns tio and four of the follow- 
ing table, corresponding to tho assumed ones on the 
weir, given in tho first column, 

As tho Icngth of the river was short, and tho 
hydraulic mean depth pretty large, tho fall due to 
friction for 60 fect above the weir was very small, 
and therefore no allowance was made for it; even the 
distance to the slip was comparatively short, being 
less than half a mile, and as the wator approached it 
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TABLE OF CALCULATED AND OBSERVED HEIGHTS ABOVE MREAN'S 
WEIR px THE RIVER BLACKWATER, 





Heights 2050 feet abora the 
Heights 60 foot above the . 
Helge at | weir ohannoh 120 footie, wale staneel G6 fone ido, 

‘ 





Cotcutated } Obsorred | Catoutated | Obsorvea 
inches, tuches, inches, §nclioa, 





m 


ah 4} 
4h , ah 
8 ob 10 


14 
9 16 


19 “ 20 


Oe rman Ro wm. 


~ 
a 


15 


moe 
bo. 


18 


wee eee 
= an eo 











> 
= 


with considerable velocity, this was conceived, as the 
observations afterwards showed, to be a suflicient 
compensation for the loss of head below by friction. 
The observations were made by a separate party, 
over whom the writer had no control, and it is neces- 
sary to remark, that with the same head of water on 
the weir, they often differed more from each other 
than from the calculation. This, probably, arose from 
the different directions of the wind, and the water 
rising during one observation, and failing during 
another. ; 
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Tho true principle for determining tho head at g, 
Tig. 89, apart from that duc to friction, is that 
pointed ont at pages 14.2 and 147; butwhen tho passes 
are very near cach other, or the depth d Jig. 28, is 
amall, the effect of tho discharge throngh @, is Incon 
siderable in reducing the head, as the contraction and 
loss of wis-vfee ard then large, and the head d be« 
comes, that due to a weir of the width of the cons 
tracted channel at a, nearly, The reduction in the 
extent of the backwater, by lowering tho head on 
a longer weir, is found by taking the difference of the 
amplitudes duo to the heads at g, Fig. 89, in both 
cases, as determined from eqiiations (66), (128), cé seq. 

“This will seldom exceed a milo up the river, as the 
surface inclination is found to be considerably greater 
than that due to mere friction and velocity, and henes 
the general failure of drainage works designed on the 
assumption that the lowering of tho head below, by 
meas of long weirs, extends ils effects all the way 
mp a channel, Wo must newly treble the length of 
a weir before the head passing over can be reduced 
by one-half, Tasrm X., even supposing the circum. 
stances of approach to bo the same: surely several 
enginecring appliances for shorter weirs, during 
periods of flood, would be found more effective and 
fav less expensive than this alternative, with tts oxtra 
sinking and weir basin for drainage purposes, 

The advocates for tho necessity of weirs longer 
thon the width of the channel, for drainage purposes, 
must show that the reduction of tho head and extent 
of backwater above g, Fig. 39, is not small, and 
that the effects extend the whole way up tho.channel, 
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or at least as far as tlie district to be benefited. 
Practice has heretofore shown, that long weirs have 
failed (unless after the introdiction of sluices or 
other appliances) in producing thé expected arterial 
drainage results, notwithstanding the increased leak- 
age from increased length, which must accompany 
thei construction: 


























of use in reducing the surface inclination between 
a band as by increasing the hydraulic mean depth; 
but, thereby, the velocity of approach is lessened, 
and therefore the head at = increased. When the 
length of a weir basin a@ B exceeds that point where 
these two opposite effects balance each other, there 
will be a gain by the. difference of the surface in- 
clinations in favor of the long weir: but unless az 
exceeds half a mile, this difference cannot amount to 
more than 3 or 4 inches, unless the river be very 
small indeed; and ¢f the channel be sunh for the tong 
weirs BA or b dy, tt should also be sunk to at least the 
same depth and extent for the short weirs Be, & a, 
otherwise there is no fair comparison of their separate 
merits, The effect of the widening between a & and 
A 8, the depth being the same, is also to reduce the 
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surface inclination from a tox; but, as before, unlessaz 
be of considerable length, this gain will also be small. 
Now 438, at best, is but a weir the direct width of 
the new channel at a 3B, and if the length a n be 
considerable, we have an entirely new river channel 
with a direct weir at the lower end, and the saving of 
lead effected arises entirely from the larger channel, 
with a direct transyerse weir at the lower end. . 

By referring to Tanne VIII, it will be found that 
for a hydraulic mean depth of 5 feet a fall of 7% 
inches per mile will give a velocity of 2 feet per 
second; if we double the depth, a fall of 4 inches 
will give the same velocity ; and for a depth of only 
2 feet 6 inches, a fall of 124 inches is necessary, 
This is a velocity much larger than we have ever 
observed in a weir basin, yet we -easily perceive 
that the difference in the inclinations for a short 
distance, 2 @ of a few hundred feet, must be small, 
If one section be double the other, the hydraulic 
mean depth remaining constant, the velocity must be 
one-half, and the fall per mile one-fourth, nearly. 
This would leave 7f — 2 = 5} inches per mile, or 1 
inch per 1000 feet nearly, as the gain with a hydrau- 
lic mean depth of 5 feet for a double water channel. 
For greater depths the gain would be less, and the 
contrary for lesser depths. ; 

Is the saving of head and amplitude of backwater 
we have calculated worth the increased cost of long 
weirs and the consequent necessity and expense of 
sinking and widening the channels for such long 
distances? We think not ; indeed, the sinking inthe’ 
basin immediately at the weir is absolutely injurious, 
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by destroying the velocity of approach, and ineveasing 
the contraction, The gradual approach of the bottom 
towards the crest, shown by the upper dotted line 
bx in the section, Fig. 39, and a sudden overfall, will 
be found more effective in reducing the head, unless 
so far as leakage takes place, than any depth of 
sinking for nearly 80 or 100 feet above long weirs. 

In most instances, the extra head will be only per- 
ceived ‘by an increased surface inclination, which 
may extend for a mile or more up the channel, 
according to the sinking and widening. 

It is a general rule that, for shorter weirs, the co- 
efficients of discharge decrease; this avises from the 
greater amount of lateral contraction, and is more 
marked in notches or Poncelet weirs, than for weirs 
extending from side to side of the channel ; but for 
weirs exceeding 10 feet in length the decrease in tho 
coefficients from this cause is immaterial, unless the 
head passing over bear a large ratio to the length; 
and we even see from the cocflicients, page 80, de- 
rived from Mr, Blackwell’s experiments, that with 
10 inches head passing over a 2-inch plank, the co- 
efficient for length of 3 feet is ‘614; for a length of 
6 feet ‘639; and.for a length of 10 feet 534; show- 
ing a decrease as the weir lengthens, but which may, 
in the particular cases, be accounted for. We have 
before referred to other circumstances which modify 
the coefficients, yet we may assume generally, without 
any error of practical value, that the coeflicients are 
the same ‘for different weirs extending from side to 
side of a river, If, then, we put wand w, for the 
lengths of two such weirs, we shall have the relation 
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of the heads ¢@ and d, for the sama quantity of water 
passing over, ag in the following proportion :— 
a 2 c 
did, si wi i wre 
and therefore 
* wrt 
(185,) - =(5) x 4, 
By means of this equation wo have caleulated 


Taste X,, the ratio =-heing given in columns 1, 8, 
Wy 


Band 7, and the value of ey or the coefficient by 
1 


which d is to be multiplied, to find @, in columns 2, 
4,8 and 8, Ié appears also, that f we take the heads 
passing over any weir in a river in an arithmetical 
progression, the heads then passing over any other weir 
in the same river must. also be in arithmetical progr es- 
sion, eenless the quantity flowing down varies from 
erogation or supply, such as drawing off by millraces, 
&e. If ce bo the cocfliciont for a direct weir, 94 o, 
will answer for an obliquity of 459, and -O1 cy for an 
angle of 65°, . 


" SECTION XI, 


DUNDS AND CURVES,—BRANCH PIPUS,—DITFERENT LOSSES OF 
HEAD, ~QuNERAT EQUATION FOR YINDING THE VELNCITY,-~ 
HYDROSLANO AND WYDRAULIC PRESSURE, —-PLHIZOMETER,— 
OATOHMENT BASINS,-—-RAIN-PALL PER ANNUM. 


The resistance or loss of head due to bends and 
curves lias now to be considered. If wo fix.a bent 
pipe, rBopuG, Fig, 40, between two cisterns, so ag 
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to be capable of re- 
volving round in col 
lars at F and G, Wel 
shall find the time the : 
water takes to sink a 
given distance from f= 
to F in the upper cistern the same, whether the tube 
occupy the position shown in the figure or the horl- 
zontal position shown by the dotted line rbe dea, 
This shows that the resistances due to friction and to 
bends are independent of the pressure. If the tubo 
were straight, the discharge would depend on the 
length, diameter, and difference of’ level between 
f and a, and may be determined from the mean 
velocity of discharge, found from.Tazue VITL or 
equation (79). Here, however, we have to take into 
consideration the loss sustained at the bends and - 
curves, and our illustration shows that it is unaffected 
by the pressure. 

The experiments of Bassut, Du BuAt, and others, 
show that the loss of head from bends and curves— 
like that from friction—increases as the square of tho 
velocity ; but when the curves have large radii, and 
the bends are very obtuse, the loss is very small, 
With a head of nearly 8 feet, Venturi’s twenty-third 
experiment, when reduced, gives—for a short straight 
tube 15 inches long, and 1} inch in diameter, having 
the junction of the form of the contracted vein, very 
nearly ‘873 for the coefficient of discharge. Wien of 
the same length and diameter, but bent as in Diagram 
. I, Fig. 40, the coefficient is reduced to ‘785; and 
when bent at a right angle as at u, Fig. 40, the co- 











Fig.d0 | 
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ficient 18 further reduced to 560, In these respac- - 


tive cases we have therefore* ‘ 
Toa 


lL v= 878 I yh, and h = 1812 x iy 
ye 
2 9185 /2gh, and f = 1-628 x ¥ ; 


2. v= 660 /F7h, and h = 3188 x iy! 
showing that the loss of spe in the tube u, Fig. 40, 
from the bond, is 1876 x 5 _ or nearly doublo tho - 


theorctionl head due to the velocity in the tubo. The 
vy 


loss of head by the circular bend is only Sly, 


or not quite one-sixth of the other, 

Du Buat deduced, from about twenty-five oxpori- 
monts, that the head duo to the resistance in any 
bent tubo ABODEFGH, cen 1, Tig. Al, depends _ 





‘on the vininlien of Telsetbad between tho entrance at 
And the departure at 1; that it “merenses at each — 


* Tt is stated that tho timo necessary for tho discharge of a 
given quantity of water throngh-a straight pipe boing 1, the timo 
for an oqual quantity through a curve of 00° would bo 1-11, with 
aright anplo 1:57; two right angles would increase the. time to 
3404, md two enrved junctions to only 128, Vide Reronr on 
mm Bupp.y ov, Warten 20 ue Merrovoris, P. 287, Aprennix 
No, 8, 

Tt 


i 
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reflection as “its square of the sine of the deflected 
angle, ABR for: instance, and as the square of the 
“velocity ; and that if 4, 44, ta %, &e., be the number 
of degrees ini the angles of deflection ‘at 3, 0, p, 8, de, 
. then for measures in French inches the height /,, Ae 


to the resistances from curves, is 
o'(sin,?¢ + sin. 4, + sin? + sin? + ke.) 
(136. ) = 3000 


which for measures in me inches becomes 


(187.) -A,= ikea 3107 

and for measures in English feet, : 
in? in? in? in? 

(138) iyo $+ sin, Saint si. y+ &o) , 

ot, as it may be more generally ‘expressed for all 

measures, 

cee ) Ae Gani ae + - yt sin, + &e.) x 


PIG ag? in which goz— e e379 = ae = 00375 v* in feet, 


The angle ‘of deflection, in tho’ experiments from 
which equation (136) wag derived, did not excced 
36°. We have already shown the loss of head from 

' the circular bend in diagram I, Fig. 40, he tho 











angle of deflection is nearly 46°, to be B11 5: 


00483 e, but as the sin, 45° = 07; sin? ie _ ae 
we get 00483 #* = -00966.0* x sin.? 45°, or more than 
' two and a half times as much as Du Buat’s formula 
would give; and if we compare it with Rennic’s 
experiments,* with a pipe 15 fect long, 4 inch dia- 
meter, bent into fifteen curves, each 34 inches radius, 


* Philosophical Transactions for 1881, p. 488, 
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we should find thé formula gives a loss of ji not 
much more than one half of that which may be 
derived from the observed change, 419 to 870 cubic 
fect per minuto in the discharge. Sco Dp. 278, 

Dr, Young* first pereeived the necessity of taking 
into consideration tho length of the curve and the 
radius of curvature. In tho twenty-five experiments 
made by Du Buat, he rejected ten in framing his 
formula, and the remaining fifteen agreed with it very 
dlosely, Dr, Young finds 

40.) Hy = NOON aol 
“where g is the number of aumisees’ in the curve N P, 
diagram 2, Fig, 41, equal tho angle NOP} p==0N : 
‘the radius of curvature of the axis; /, the head due 
to the resistance of the curve, and v the velocity, all 
oxpressed in’ French inches. ‘This formula reduced 
for measures in English inches is 

- 
(UL) ice eet xv vw 


aud for measures in nglish feot, 

’ a 
(UU2,) pte 00086 op Xe 
Nquation (140) agrees to oa of the whole with 
twenty of Du Budt’s experiments, his own formula 
agreeing so closely with only fifteen of them. The 
resistance must ovidently increase with the number 
of bends or curves; bub when: they come close upon, 
aud ave grafted into each other, as in diagram 1, 
Vig, 41, and in the tube radpeg, Fig. 40, the 
motion in one bend or curve immediately affects those 


* Philosophical Transactions tor 1808, pp. 1783—175. 
3 
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in the adjacent bends or curves, and this law docs 
not hold. 

Neither Du Buat nor Young took any notice of 
the relation that must exist between the resistance 
and the ratio of the radius of curvature to the radius 
of the pipe. Weisbach does, and combining Du Bust’s 
experiments with some of bis own, finds for circular 


tubes, 
ar 


(13) y= aby x {3st + 1-847 (4 x ¥y) 


and for quadrangular tubes, 


(144) ty maby x [124 + 8104(—0)4} x ges 


in which ¢ is equal the angle x op=wrr, diagram 2, 
Fig. 41; d the mean diameter of the tube, and p the 


_ radius x 0 of the axis, When £ exceeds ‘2, the value 


of “131 + 1-847 Cay exceeds “124 + 3-104 ay 


and the resistance due to the quadrangular tube ex- 
ceeds that due to the circular one. We have ar- 
ranged and calculated the following table of the 
numerical values of these two expressions for the 
more easy application of equations (148) and (144). 
This table will be found of considerable use in cal- 
culating the values of equations (143) and (144), as 
the second and fifth columns contain the values of 


: d 
131 + 1847 can and the third and sixth columns 


the values of ‘124 + 3-104 Coy corresponding to 
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different values of pre and it is carried to twice the 
extent of those given by Weisbach. 
TABLE OF THE VALUES OF THE EXPRESSIONS 


“181 + 1-847 =) and “124 -+ 8104 (£)5 
p p. 


Cirenlar ad 7 . Circular 
tubes, tubes, * tubes. 





181 |: . “440 
198 . . 540" 
188 : : “061 
145 ‘ld 75 | 800 


+158 ae ' O77 
“178 yo. 1ary 
206 ' ‘ 1408 
Rid. LOTL 
1204 ' L078 














For bent tubes; diagrams 8, 4, and 5, Fig, 41, the 
loss of head is considerably greater than for rounded 
tubes. If, as before, we put the angle Nir =9%,1R 
being at right angles to 10 thé line bisecting the 
angle or bend, we shall find, by decomposing the 
. 2 3 
niotion, that the head i becomes ty X cos? $ from 


the change of direction ; and that a loss of head 
ve 


: vw ‘ 
(146.) h,=(1— cos? 2 4) ty = sin? 2¢ Ig. 


must take place. When the augle.is a right angle, 
epee : a 
as in diagram 4, cos. 2¢ = 0, and A= ay that 


is to say, the loss of head is exactly equal to the 


%* The values corresponding to Fe +65 ove *850 and -807 for 


circular and quadrangular tubes. 
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one head, When the angle or bend is ee 
as in diagram 5, the loss of head is (L ++ cos.72 57 


for then cos, 2¢ becomes negative. Weisbach does 
not find the Joss of head in a right angular bend 


.7 
; greater than ‘984.5, ; while Venturi’s twenty-third 
experiment, made with extreme care, p. 273, shows 


2: ‘ 
the less to be 1:876 ty « -When the pipes are long, 


. 2 
however, the value of ty 8 in general small, and 


this correction does not affect the final results in any 
material degree. 

Rennie’s experiments,* with a pipe 15 feet long, % 
inch in diameter, and with 4 feet heat give the dis- 
charge per second 

. Cubic fect. 

re Straight, see table, p. 152 . . ‘00699 

2; Fifteen semicircular bends . .. ‘00617 

3. One bend, aright angle 8} inches ‘ 
from the end of the pipe. +, 00556 
4, Twenty-four right angles .. . ‘00253 

From these data we find consecutively, the theoreti- 
cal discharge being "021886 ip feet per second, 


and the theoretical head n = iy that 
. : . 2 
1. v= 319 /2 gn, and therefore = 9:82 x a 


Lua wry 4 4 M1968 x S 


* Philosophical Transactions for 1881, p. 488, 
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, “gh S 
v= 254 6/2 9H, and therefore H = 15:50 x Tae 
4,u = 116/29n, ,, 3 mS UBd xX 75: 


The loss of head, therefore, by’ ae introduction of 


16 semicircular bends, is 276 5 1 by the intro- 
duction of one right angle, 5-68 2 aad by the ; 


. 2. . 
introduction of 24 right angles, 64:52 iy or about 


12 times the. loss due to one right angle. This 
shows that the resistance does: not increase. as the 
number of bends, as we before remarked, p. 256, 
- when they are close to each oe The loss of head 


from one right angle, 5°68 is more than double 


ye 
the loss from 15 semicircular baie or 2°76 Ig 


The loss of head for a right angular ‘bend, determined 


from Venturi’s experiment, is 1-876 i formula. 
3 ie oe 
(145) makes it agi and Weisbach’s empirical for- 
7 ka! 2 
mula, (9457 sin. ¢ + 2°047 sin.’ 4) 3? makes it only 


2 Fs 
‘984 <—, The formule now in use give, therefore, 
2g : 4 


results considerably under the truth. It’ appears 
to us, thatthe velocity of the water moving 
directly towards the bend must be taken into 
consideration, and also the loss of mechanical ef- 
fect from contraction, and eddies at the bend, as: 
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well as the logs arising from the mere change of 
direction, : 


| BRANOD PIPES. 

When a pipe is joined to another, the quantity of 

water flowing below the junction p, diagram 1, 

Fig. 42, must be equal to the sum of the quantities 
; Wig. 4 


























flowing in the upper branches in the case of supply ; 
and when the branch pipe draws off a portion of the 
water, ag in diagram 2, the quantity flowing above 
the junction must be equal to the quantities flowing 
in the lower branches. Both cases differ only in the 
motion being from or to the branches, which, in 
’ pipes, are generally grafted at right angles to the 
- main, for practical convenience, as shown at bd, and 
then carried on in any given direction. he loss of 
head arising from change of direction, equation (146), 


2 
is sin? 2% a in which 2¢= angle ABo; but as in 
general 2¢ is a right angle for branches to mains, 
this source of loss becomes then simply TA In 


addition to this, a loss of head is sustained at the 
junction, from a certain amount 6f force required to 
unite or separate the water in the new channel. In 
the case of drawing off, diagram 2, this loss was 
estimated by D’Aubuisson, from experiments by 
Génieys, to be about twice the theoretical head due 
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uae 20" 4 
to tho volocity in tho branch, or iy so that the 
whole loss of head arising from the junction is 
wv Qu BB v? . an 
ig tig = By? or three times the theoretical head 
due to the velocity. In tho ease of supply, the loss 
is probably nearly the same. ‘The actual loss is, ia 
however, very uncertain; but, as was before ob- 
served when discussing the loss of head occasioned 
2 

by bends, two or three times 9 is in general so - 
comparatively small, that its omission does not ma- . 
terially affect the final results, .A loss also arises 
from contraction, &e. See pp. 175, 176. 

The calculations for mains and branches become 
often very troublesome, but they may always be 
simplified by rejecting at first any minor corrections 
for contraction at orifice of ontry, bends, junctions, 
or curves, If, in diagram 2, Fig, 42, we pub A for 
the head at b, or height of the surface of tho 
reservoir ovor it; 7, for the fall from B to A; A, for- 
the fall from B to p; 2 equal the length of pipe from 
3 to the reservoir; 4, equal the length Ba; % equal 
the length np; » equal the mean radius of the pipe. 
no; 7, the mean radius of the pipe BA; 7, the mean 
radius of pp; v the mean velocity in-nc; a, the 
velocity in ba; and v, the velocity in sp, we then 
find, by means of equation (73), the fall from the 
reservoir to A equal to ; 


Ay 
(146,) hp h=(oterxs) 9 +(l+4x a) agi 


tho fall from the reservoir to p equal to 
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; 1, iy vt 
(147) h+ a= (ce +o, X ag +(1 + eX a) agi 
and, as the quantity of water passing from o to n is 
equal to the sum of the quantities passing from p to 
Aaand from B to D, ; 
- 148.) vr = vir + vr. 
By meang of these three equations we can find any 
three of the quantities 2, Ay, ha 7, to Tay Oy Pay Ory 
the others being given. Taguntions (146) and (14:7) 
may be simplified by: neglecting ¢,, the coefficient due 
to the orifice of entry from the reservoir, and 1, the 
coefficient ‘of velocity. ~ a pi become 


tier hth=aX(F xpote xa) 

and 

(149.) peed xg thx xg). 

The mean value of ¢ for a velocity:of 4 feet por 
' second is ‘005741, and of ay ‘0000891. ‘The values 


. for any other velocities may be had from the table of 
coefficients: of friction given at p, 214. When J A, 
and 7 are given, the begid » can be had from 

: ‘ ; : 
the: equation, v= (2 papas » or more immediately 


from Tanue VIII. , 


GENERAL EQUATION FOR MEAN VELOCITY, 


We are now enabled to give a general equation for 
finding the whole head n; andthe mean velocity », in 
any channel ; and to extend equations (73) and (74) 
so as to comprehend the corrections due to bends, 
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curves, &o, Designating, as before, the height duo 
io the resistance at the orifice of entry by 


hy and tho corresponding cocflicient by e,; 

h, tho haud duo to friction, wid ef the edeflisient of friction ; 

fy tho head duo to bonds, and e, tie evelliciont of bonds ; 

A, the hond duo to.curves, and ¢, the cocficiont of eurvos ; 

h, tho head due to orogation, md ¢, the coeficiont of ovogation ; 
t, the hond duo to othor resistances, and ¢, thoir men cocficiont; 





then we got 


(150.) mah, th thy +h, +h, thet ys 


that is to say, by substituting for 2,, 2, ke, their 


values a3 previously as 
vy 


n= +e)ge tees MG ANTS 
ve 


FOGG TOGO 


‘or, more buiclly, 
2 


v 
(61) w= (ltotaxs patectet oii 
fro, which we find 


(152,) 0 v=: | ——----- 
I+, $axs rere +e: 

It is to be observed nat, that for- very long 

wiiform channels, the value of the mean ‘velocity 








gruys 
will be found in general equal to (Panay ,» as the 
‘ f f 


othor resistunces and the head duc to the velocity 
are all trifling compared with the. friction, and may 
be rejected without erro; but, as we before stated, 
it is advisable in prabtice, whon determining the 
diameter of pipes, p, 229, to increase the value of ¢, 
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table, p. 214, or to increase tho diameter found 
from the formula by one-sixth, which will increaso 
the discharging power by onc half. (Sce ‘Tasie XTIL) 
In equations (74) and (161), the cocfliciont of fric. 
tion ¢, depends on the velocity v, and its value can 
_ be found from an approximate value of that velocity 
‘from the small table, p. 214. If, however, we use 
both powers of the velocity, as in equation (83), we 
shall get, when u is the whole head, and / the head 
from the surface.to the orificd of entry 


; l a 
(a¥+bv) 7, +(1 +e)a +A=u, 


a quadratic equation from wich wo find 


v ={7! (r= Wagr gat ee ee ee 
+a Fagert (a rE caght (For 2g bt 


for a more general value of the velocity than that 
given in equation (74). If now we put ¢,=¢, -++ 4, 
+c, + ¢ +c, in equation (151) wo shall find 


v= { (ta-W)2gr gal ae ot 
dfagrkion tapeerage (Tsk eg) By bt 


for a more general expression of equation (152), when 
the simple power of the velocity, as in equation (83), 
is taken into consideration. For measures in English 
feet, we may take a = -0000223 and b = 0000864, 
which correspond to those of Eytelwein, in equation 
(97). The value of a is the same in English as in 
French measures, but the value of b in equation (83), 
for measures in metres, must he divided by 3:2809 
to find its corresponding value for meeeueR in 





English feet. In considering the head a9 Oey due to 


contraction at the orifice of entry as sae implicitly 
comprised in the primary values of a and &, equation 
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(88), Hytelwein is certainly more correct than D’ Au- 
buisson, Traité d’Eydranlique, pp. 228 ef 224, as 
this head varies with the nature of the junction, and 
should bo considered in connection with the head 
duo to the velocity, or separately. It can never be 
* correctly consideréd as a portion of the head due to 
friction, In all Du Buadt’s experiments, this head 
was considered ag a portion of that due to the velo- 


Be 
city, and the whole head, (1 + ¢,) t7 deducted to’ 


"find the head duo to friction and thence the hydraulic 
inclination, ; 


VALUES OF @ AND J FOR'MBASURES IN ENGLISH FREY. 


Gs b 
Wquation (88.): 0000445 --0000944. - 
» 4 (90.) 0000173 . -0001061 
» (94) 0000243 “0001114 
» (98) 0000223 0000854 . 
3 (109.) 0000189 0001044 
«= (LLL) 0000241 0001114 
” (114.) -0000035 10001150 
Mean values: for all : 
stvaight channels,; 0000221 0001040 
pipes, or rivors 
Theso mean values of a and b give the equation 
#8 = ‘0001040 v? + 0000221 », 
from which wo find ~ , 
M16 7s =v? + 214, 
and thence 
(158.5 v =2(9G15 rs + O11)! — "105. = 98 /rs—1, 
vorynearly, suited to velocities of about 2 feet,p.217. 
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_ HYDROSTATIC AND HYDRAULIC PRESSURE, —PIEZOMETER, 


When water is at rest'in any vessel or channel, tho ° 
pressure on a unit of surface is proportionate to -tho 


'. head at.its centre,* measured to the surface, and is 


expressed in lbs. for measures in feet, by 624 us, in 
which 1 is the head, and s the surface exposed to tho 
pressure, both in feet measures. . This is tho. Agedro- 
static pressure, . In the pip¢ ABCOrT&, Fig, 43, the 
pressure at the points 3, o,, , and , 6n the sides of | 
the.tube will be respectively as the heads Bd, oe, Dd, » 
Ff, and xe, if all motion in tho tube be prevented by 





stopping the discharging orifice ‘at , In this cnse the 
pressure is 4 maximum and hydrostatic; but if tho 
discharging orifice at & be partially or entirely open, 
a portion of each pressure at 3, 0, p, r, &c., is ab- 
sorbed in overcoming the different resistances of 
friction, bends, &c,, between it and the orifice of entry 
at A, and also by the velocity in the tube, and thio 
difference is the hydraulic pressure. °° 

* This is only correct when the’ surface is small in depth eom- 
pared with the head. If u he the depth of a rectangular surface 
“in feet, and also the head of water monsured to the lowow hori 


zontal edge, then the pressure in lbs, is expressed by 814 ®; and 
the centre of pressure is at $rds of the depth. ,. 
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Bernoulli first showed that the head due to the 
pressure at any point, in any tube, is equial to: the 
_ eheetive head at that point, minus the head due to the 

velocity. When the resistances in a tube vanish, the 
"effective head becomes the hydrostatic head, and by _ 

representing the formor by /,ewe shall have, adopting 

the notation in equation (160), 

Ag =a (hy + hy + hy + &6.), 

and consequently tho head due to the hydraulic pres- 

sire equal : 


ye 
(168a,) 5s w= = (h, lit I+ bo) — 5 


If small tubes e iniserted, as shown in Fig, 43, - 
the points 3, 0, D, and 4, the heights 2.5!, 0c, va LPs, 
which the water rises to, willbe represented by the 
corresponding values of /, in the preceding equation; 

“ad the difference ‘between the heights oc’, rf", at 
o and », for instance, added to the fall from o to F 
will, ovideutly, oxpress the head “due to all the re- 
sistanecs between o and r, When n= xe, and the 
orifice at wis open, we rab from equation (160), 
Waly bly phy + hy + &e. + yp and therefore 2,=0, 
thab is, ‘the pressure at the discharging orifice is 
nothing. 

The vertical tubes if B, 0, D, F, when properly 
graduated, arc termed piézometers or pressure gauges; 
theySnot only show the actual pressure at the points 
where placed, but, also the difference between any 
two; pd'—x b', for instance, added to the difference 
of head between p and 8, or pd? will give pd'—Bb* 
+ pd? for the head or pressure due to the resistances 
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between 8 and p, This instrument affords, porhaps, 
the very best means of détermining the loss of head 
due to bends, curves, diahragms, &c. The loss of 
head due to friction, bend, diaphragms, &e., between 
kand L, Fig. 43, is equal tokA—-Li+ xu. Ifa 
be the same distance from Las K is, L2—~mn will bo 
the height due to the friction (1 and m being on the 
same level); therefore. #~Li+.xv-Ll+um= 
Kh+Kkvu+mM m—21lig tho head due to tho 
diaphragm and bend both together. . If the diaphragm 
be absent, we get the head duo to tho bend, and if 
the bend be absent, the head due to the eapinge in 
like manner. 

When the discharging orifice, as at x, is quite open, 
we haye seen that the pressure. there is zero; but’ 
when, as at 4, it is only partly open, this is-no longer - 
the case, and the hydraulic pressure increases from 
zero to hydrostatic pressure, as the orifice decreases 
from the full section to one indefinitely small com- 
pared with it. A piézometer, placed a short distance 
inside @, will give this pressure ;-and the difference 
between it and the whole head will be the head duo to 
the resistances and velocity in the pipe: from which, 
and also the length and diameter, the dischargo may 
be calculated as before shown, Again, by nicans of 
the. head um’, and that due to the’velocity of ap- 
proach, we can also find the discharge through the 
diaphragm @; see equation (4.5) and the remarks fol- 
lowing it, This result must be cqual to the other, 
and we may in this way test the formule anew or 
correct: them by the practical results, 

The velocity of discharge of the tube 4 o pu, may 
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be calculated by means ‘of any piézometric height 
ac'; for by putting the whole fall from c! to z equal 
to 11,1, we get, disregarding bends, v =| eae ‘ 
=) mm Cy qa >In 
which Zion. This is evident from equation (152), 
as we have supposed that no part of the head is ab- 
sorbed in gonerating velocity, or in overcoming the 
resistance of bends. If the bend at p were taken 
_2g%a_)t 
eX = + | 





into consideration, then v = | 


SECTION XII. 


RAIN-FAT.L,—OATONMENT BASINS,.~-DISOHARGH INTO CHANNELS, 
DISCHARGE FROM SEWHERS,—LOSS FROM EVAPORATION, ITO. 


A catchment basin is a district which drains itself 
into a river and its tributaries. It is bounded gene- 
rally by the summits of the neighbouring hills, ridges, 
or high lands forming the water-shed boundary ; and 
may vary in extent from ‘a few square miles to many 
thousands ; that of the Shannon is 4,544 square 
niles. ‘The average quantity of water which dis- 
charges itself into a river will, ceteris paribus, depend 
on the extent of its catchment basin, and the whole 
quantity of rain discharged on the area of the cateh- 
ment basin, including lakes and rivers. 

The quantity of rain which falls annually varies 
with the district and the year; and it also varies 
at different parts of the same district. The average 


quantity in Ireland may be taken at about 34 inches 
v 
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TABLE of some Catchment Basins in Tretand. 






Names of Drainage-districts, 
or Rivers. 


Counties or ‘owns, 





Ayoumore.... 
Avoca River 
Ballinrsloo .. 
Barrow, Nore, and Suir... 
Blackwater and Boyne .... 
Blackwater . . 
Blackwater 
Blackwater 
Bandon River 
Bann, Upper and 
the Main .. 
Boyne wo... 




















ower, and 








Brusna (Ferbane) 
Ballyteigne 
Ballinamore and Batlyeconnel 








Breeoguo 
Ballinhassig 
Cappngh .. 
Coolaney 
Camoge 
Dunmore 


eee 
Deel 














Fane ..ee esse 
Glyde... 


DWNy vececesesecneeencene 
Kilbeggan.......esveeevee 
Liffey and Tolkt......006+ 
Leo 


Tough ‘Gara and Mantua’. 
Loughs Oughter and Gowne 

and River Erne 
Lough Neagh 


Lough Mask and River Robe 
Loughs Corrib, Mask, and 
Carra .. 











Rinn and 
Strokestown 
Shannon ..,., 


Slaney ....... 








| Wicklow 


‘| Louth and Meath 


«| Longford 
«| Mayo, Ballina 
«| Antrim ...,46 


Wicklow and Woxford 

















Mayo,,.. 
Waterford 
Moath, &e. 
Waterford, Youghal . 
AYMARD seer se eee 
Meath and Kildare 
Cork .. 


yee 


Down, Antrim.....6) 
Meath, Westmonth, Kildara, 
and King’s 
King's ..++ 
Wexford .. 
Cavan, Fermanagh, Leit 
and Roscommon. 
Sligo ....05 
Cork ., 
Galway 
Sligo . 
Limerick. 
Gulway, Mayo, and Roseom- 
TON ye ye 
Dublin «..+ 
Meath and Westmeath ..., 





















Belturbet, Enniskillen .... 
Londonterry 
Clare aud Galway .., 
Louth ...eevee 
Louth, Meath, 

and Cavan 
Meath, Westmeath, Long. 

ford, and Cavan ....eeee 
Westmonth and King’s ..., 
Dublin, &o, ve eseeverecves 
Cork .. 
Roscommon, Maya, aud Sliga 








Cavan, Leitrim, and Longford 
Londondori vy, Antrim, Down, 
and Annmagh ..... 
Mayo and Galway . 


«| Galway and Mayo ves... 







Galway ., 
Down .... 
Meath ..., 
Down .. 
Leitrim an. 
Roscommon. serene 
Different. Couni ios, Towns of 
Athlone, Limericl 
Wexford 

















Area of Aten of 
Catelument | Unteluent in 
Yn aercs, | BquATe les, 
pet i 
128,000 ate 
174,840 Q8l 
70,000 110° 
2,170,000 | 100: 
GN5,040 | LURE 
THO,LGO | Lat 
936,0:10 Bae 
50,000 78L 
115,020 228° 
810,240 1200+ 
804,180 TB 
889,120 08 
20,762 418 
101,166 1685 
180,L08 282 
28,500 UbT 
BLAS BLL 
00,744 Ms 
OL LBL Nr 
06,161 Lio 
86,200 it 
(4,000 160" 
78,000 (aun 
1,014,100 LG 
OLt,00 | Lait 
Ut, L00 RL 
87,00 ‘Ladd. 
176,845 ATO 
251,116 Buel 
84,080 Ln 
826,120 610 
470,100 Tihs 
128,000 R00" 
200,480 O07 
TALL 20 QQOHR 
225,000 bh 
780,000 12187 
72,390 Lo 
GGL,120 | LOR 
87,000 tir 
54,000 Hint 
10,00 Rp 
40,000 Os 
67,000 BL 
74,000 Mot 
70,000 LOL 
2,908,160 teh 
521,600 ali 
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déep, that which falls in Dublin being 27 inches, and 
that in Cork 41 inches nearly, The averago yearly 
fall in Dublin for-soven years, ending with 1849, was 
26-407 inches; and the maximum fall in any month 
took place in April 1846, being 5-082 inches, “The 
average full in inches por month for seven years, 
ending with 1849, was as follows :—October, 3-060 ; 
August, 2936; January, 2-544; April, 2-508; No- 
vember, 2°300; July, 2°116; June, 2.005; Decem- 
bor, 1938; September, 1-860; May, 1:814; March, 
1-789 ; Iobruary, 1-534." A gauge at Londpn- 
derry, 1795 to 1801, gives 31 inches average; one 
at Belfast, from 1836 to 1841, gives 85 inches; at 
Mountjoy, Phonix Park, 182 feet above low water, 
1839 and 1840, there is an average of 33 inches; 
and at the College of Surgeons, 52 fect over low 
water, the average is 80 inches for the same two 
years. Sir Robert Kane assumes that 36 inches is 
the average full in Ireland, and that out of that depth 
12 inches, or one-third, passes on to the sea, two- 
thins boing -cvaporated and taken up by plants. 
The quantity varies a good deal with tho altitude of 
the district, In parts of Westmoreland it rises 
sometimes to 140 inches; in London, an average 
of 20 years’ observations, gives a fall of nearly 25 
inches. 

Forty years’ observation at Greenwich, Kent, at 
155 fect above the level of the sea, gives the following 
results :— : 


* Proceedings of tho Royal Irish Academy, vol. y., p. 18, 
U3 
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ay f Entire 
Description of full. Winter. | Spring, | Summer) yaq,5, 





inches, | inches. | inches. | inches. 

I ree | 725 | soa [f 2048 
Mean annual fall voi... secre eee 25-58 
iiium fall; being a mean of 
of the wettest years during 











‘ , ‘ 3100 
1105 | 1080 | 1408 {oer 


3 being a mean of 
st years during 18-40 
"1 500 | 405 | 680 {i io 




















In this table Winter comprises November, De- 
cember, January, and February; Spring, the next 
four months; and Summer, the mouths of July, 
August, September, and October. The last column 
contains means of two classes of years: the first 
figures showing the ordinary years from January to 
December, and the second, under the first, years 
from November to October.* We see here that the 
mean maximum is fully double of the mean minimum, 
and about one-and-a-half times the mean annual fall, 
and therefore the necessity for calculating from the 
minimum fall for all water works in which it is 
an element, and from the maximum for sewerage 
works where it is not intended to pass off a portion 
on the surface or through other available channels, 

Tn the district surrounding the Bann reservoirs in 
the County Down, the average fall has been so high 
as 72 inches, In Keswick, the average fall is said to- 
be 674 inches, and in Upminster, Essex, only 194 
inches, Indeed, it is requisite to obtain the fall 
from observation for any particular district, when it 


» See Mr. James Simpson in the Metropolitan Main Drainage 
Report, 1857, p. 115. 
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is necessary to apply the results to scientific pur- 
poses ; and not the mean average fall alone, but also 
the maximums and minimums in a series of years and 
nage in each year. 

x, Symons gives (see Builder for 1860, p. 930) 
a following heavy falls of rain during 1859 :-— 
fVandsworth, June 12th, 2:17 inches in two hours ; 
Afanchester, August 7th, 1:849 inches in twenty-four 
hours ; Southampton, September 26th, 2-05 inches 
in two-and-a-quarter hours; Truro, October 25th, 
luring the day, 2-4 inches, The mean falls in the 
South Western Counties were 39-1 inches; in the 
South astern Counties, 30:2 inches; in the West 
Midland Counties, 28 inches; in the Hastern Coun- 
ties, 25-4 inches; in the North Midland Counties, 
24 inches; in the North Western Counties, 39 
inches ; in: the Northern. Counties, 55 inches; and 
the average of all England, 31857 inches. 

As an instance of extraordinary rain-fall, in 
connexion with the sewage question, it is stated that 
4 inches of rain fell in one hour in the Holborn and 
Finsbury sewers’ district, on the Ist of August, 
1846 ; at Highgate, 3:5 to 3-3 inches ; and at 
Greenwich, 0:95, inches.* 

In the upland districts about Manchester, Mr. 
Homershamt+ gives the result of observations at 
Fairfield, Bolton, Rocksdale, Marple, Comlis re-- 
servoir, Belmont, Chapel-en-le-Frith, and Whiteholme 
reservoir, for four years. These give a maximum 
fall of 61:4 inches at Belmont Sharples in 1847, and 


# Metropolitan Main Drainage Report, p. 16. 
Tt Report on the Supply of Water to Manchester—Wua.e. 
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a minimum of 24'8 at Whiteholme reservoir in 1844, 
The general average for the four years being 42-49 
“ inches. , 

April is the driest month, and October, or about 
it, the wettest month, and the average fall during 
the year varies sometimes as two to one. 

The proportion between the quantity which falls, 
and that which passes from a catchment basin into 
its river, also varies very considerably. When the 
sides of a catchment basin are steep, and the water 
passes off rapidly into the adjacent river or tzi- 
butaries, there is less loss by evaporation and perco- 
lation than when they are nearly flat, The soil, 
subsoil, and stratification, have also considerable 
effect on the proportion. Reservoirs being generally 
constructed adjacent to steep side falls, give a much 
larger proportion of the quantity fallen than can be 
obtained from rivers in flatter districts; besides, the 
quantity of rain which falls on the high summits, 
near reservoirs, almost always considerably exceeds 
the average fall. As 640 acres is equal to one 
square mile, and one acre is equal to 48,560 square 
feet, a fall of one inch of rain is equal to 3,630 cubic 
feet per acre, and to 3,630 x 640 = 2,323,200 cubic 
feet per square mile: the proportion of this fall, for 
each acre, or square mile of the catchment basin, 
which enters the river, must depend entirely on the 
district and local circumstances, the full or maximum 
quantity being retained on lakes. A stream de- 
livering 53 enbic feet per minute supplies an equiva- 
lent to 12 inches of rain-fall collected per square 
toile per annum. 
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It ig too often taken for granted that the discharge 
from a catchment basin takes place, into the con- 
veying channels, in nearly the same time that a 
given quantity of rain falls. Perhaps the largest 
registry on record in Great Britain is a fall of four 
inches in an hour, The maximum fall in any hour of 
any year seldom exceeds half of this amount, and 
then perhaps only once in several years. The quan- 
tity which falls will not be discharged into the 
channels in the same time. The quantity discharged, 


QUANTITY PER ACRE TOR A GIVEN DEPTH OF FALL, 


Fallin | Cubio feat] Fallin | Cubic toet] Poll in | Cublo feet} Fey in | Cubic fect 
inches, | per aore. 5 re. | inches. | per nore. } incMes. | per nore. 


a2 | 7200 vy | 181 
1g | 6952 gy | 121 


1g | 6445 ae o 
1b | asay ; te 3 
1 | 9080 a a 

g | ave |; Je be 





anc time, will depend a good deal on the season and 
district, The arterial channel receives the supply at 
different places and from different distances, and the 
water in passing into and from it does not encounter 
the same amount of resistance as if it all passed 
first into the upper end. Less sectional area is 
therefore necessary than if the whole discharge had 
to pass through the whole length of the channel and 
during the time of fall. The relation of the quantity 
of rain-fall to the portion which flows into the main 
‘channel, as well as the time which it takes to arrive 
at it, and the places of arrival, must be known 
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before the proper size of a new channel can be 
determined, particularly sewers in urban districts. 
A pipe sufficient to discharge the water from 200 
acres need not be 20 times the discharging power of 
one exactly suited to 10 acres of the samo district, 
for the discharge from the outlying 190 acres will 
not arrive at the main in the same time‘as that from 
the adjacent 10 acres. 

The following table of rain-fall, at Athlone, central 
in Ireland, was furnished to the Royal Irish Academy 
by General Sir H. D. Jones, and is printed in tho 
Proceedings.* ‘The average for four years, gives 29 
inches, and the effect on the Upper and Lower Sills 
of the Lock as affecting the rise and fall of tho 
Shannon, affords valuable data, although not analysed. 
The vise and fall on the sills is the sum of the 
monthly risings and fallings for each year, and musi 
be divided by 12 to get the average monthly rigo and 
fall. In 1845 the greatest rise was in Jannary, | 

, 2 feet 9 inches at the upper sill, and 8 fect 114 inches 
at the lower sill. In 1846 the greatest rise was 
2 feet 5 inches in October, at the upper sill; and 
5 feet 64 inches on the lower sill, in August. 


Upper Sill. * Lower Sill. 
Maximum rise in Maximum tiso in 
one moath, ono month. 
1845... . Qt, 9in. Jonuary . . 8 ft. 11 fin. January, 
1846 2 6. . Qf Sin, October . . Bf, Ofin. January. 
1847 . . . . 8ft, lin. November, . 4/t. 6 in. May. 
1848... 8 ft. Bin, February . . 4ft,11 in. Pobruary, 


The sum of tthe risings and fallings for each month, 
taken as a mean of four years, is nearly the same 


* Vol. iv. 
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at either sill. The general average of the rise and 
fall for the upper sill, is about 1 foot 34 inches each 
way, and 1 foot 10% inches at the lower sill. These 
would give 2 feet 7 inches for the average difference 
of level in the Shannon above, and 3 feet 94 inches 
for that in the Shannon below. In Lough Allen 
catchment of 146 square miles, the maximum rise 
was sometimes 6 inches in 24 hours, calculated at 
‘568 inch of depth of rain, over the catchment area. 
Above Killaloe, the catchment is 3,611 square miles, 
and the floods about once a year rose 6 inches in 
24 hours, or -296 inch in depth of rain over the 
catchment. Once, in 1840, it is reported to have 
risen 12 inches, or ‘6 inch of rain over the catchmont 
in one day. 


MASIMUM DISCHARGES ‘OF TIE SHANNON AND ERNE, AND A TRIBUTARY OF TUN LATTER, 
THE WOODFORD RIVER. 





Extent of | g Steam Cuile tes Conte foot 
ware acharge | per minuto, ror minute 
RIVERS IN IRELAND, catelunent, | THe | per aninate |frorn encli| from each 


Blatute neres, ineuble fects! gore, jyquaramil 





Shannon, at Killaloe, mensuyved 
previous to the eommence- 
ment of Shannon Works, 
AWOUL eee eceveeeeeseees) 3,000,000 ) 40875 | 1,000,000 ) 0°33 211 


Lower Erne, measured during ‘ 
the very high floods of Jan. 
1851, at Belleck ..........] 974,000 | 1621-0 | ‘067,511 067 AQ0 


Upper Exne, measured during 
the very high iloods of Jan. 
1861, at Bolturbet ....., w+} 300,000 | 4828 | 287,771 0:83 BOL 


Woodford River, Counties of 
Leitrim and Cavan, measured 
during the very high floods } 
of Jan. 1851, at Ballycounell 90,000 140°6 101,096 112 qr 


Yellow River, or upper portion 
of the Woodford River, mea- 
sured during the very high 
floods of Jan, 1851, Co. Leitrim) 6,000 73 52,125 | 10-43 OB75+ 


rn A 
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These results show how difficult it is to draw any 
inference from discharge and area of catchment 
alone, as the discharge, per minute per acre, must 
vary with the contour and elevation of the district 
in the same course; and with the climate also, in 
different countries. We have observed ourselves 
the maximum discharges to vary up to 6 cubic feet 
per minute per acre, the lesser maximums being due 
to broad. flat districts, and the greater maximums to 
higher and steeper districts, near the sources.’ In 
the Proceedings of the Institution of Civil Engi- 
neers, Ireland, vol. iv., from which we have collected 
and arranged some of the foregoing information, it 
is stated, p. 96, that the vatio of the discharge to the 
vain-fall, on a catchment on the Glyde, of 79,433 
acres, for three months, ending March 13th, 1851, 
was 149 to 1 up to January 13th; 1:39 to 1 up to 
February 13th; and 8°86 to 1 up to March 13th, 
making a general average of 159 to 1; the whole 
rain-fall for the three months being only 5-89 inches, 
while the discharge was 9°35 inches! We fancy 
there is a mistake here, The whole catchment of 
the Glyde is 176,813 acres, and there is no data to 
show the discharge previous to or after the rain-fall 
from which to calculate the difference due to it per 
se for the three months; nor is the place or method 
of gauging stated. The supply from springs and 

the actual discharge before and after rain-fall must : 
be correctly gauged before the proportion passing 
into the main channel in a given time, can be pro- 
perly estimated ; the results just stated clearly con- 
tradict themselves. The following anomalous results 
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from p. 47 of the same work are also worthy of 
note. In five different districts the discharge is 
gauged, or estimated, greater than the fall, as shown 
in the following table. It is not stated, however, if 


Deouwpen 1850. Sauvany Usb, 





Total Tolal 
ate Catchment} Total tat | depth of | or a2h tt | depth of 
District, in Acres, [of Rain by! discharge | ‘Casttdhse | (lsebarge 
gango iu | off eateh- | CHCE* | of catch 

inches, | ‘mentin | Ee | ont in 
moles. - 1 tuches. 





2,626 6-26 920 


Castlebar .. | 20,040 |] 5-46 ebb 
Mauutla.... | 33,500 640 els 
70,000 F 739 


3,200 1) " 
Owenmore .| 32,000 7 























the depths passed off, estimated over the catchments, 
include the flow before the commencement of the 
rain. If so the results are so far useless; and if 
they do not include it, there must be an error 
somewhere. Indeed, in the Robe we have evidence 
that not more than 58 per cent, passed from the 
catchment to the river, from Mr. Betagh’s paper, 
the results of which are arranged below. Also, in 
July 1850, it is shown that in the Lannagh district 
only ‘53 inch in depth passed off the catchment 
from a fall of 1:83 inches, or about one-third of the 
depth, The method of determining this was un- 
objectionable. Where such discrepancies as above 
exhibited exist, it is important that the method of 
gauging, and the whole calculation, shouldbe shown, 
in order that other engineers should be able to judge 
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of their accuracy; otherwise the results should be 
rejected, no matter under whose authority they may 
be published. : 
The following information has been collected and 
arranged by us from a paper by Mr. Betagh, in the 
Proceedings of the Institution of Civil Engineers, 
Treland, vol. iv. In January 1851, 3:41 inches of 
rain fell in seven days, producing the maximum dis- 
charge of 85,836 cubic feet; while in December 
1852, 3-17 inches, also falling in seven days, pro- 
duced 115,656 for the maximum, At the beginning 
of the first fall there was flowing 26,640 feet, leaving 
the effects of the seven days’ rain 85,836 — 26,640 
= 59,196 cubic feet, while in the second year the 
quantity flowing at first. was 76,360 cubic feet, leaving 
the effects of the seven days’ rain-fall equal to: 
115,656 — 75,360, = 40,296 cubic feet. The effect 
of the previous state of the weather on the catch- 
ment must always modify, to a considerable extent, 
the discharge from a given rain-fall, and this has 
more to do with the results than the effect of arterial 
drainage itself, unless so far as one is a result of the 
other. Taking the mean of 1851 and 1852, it ap- 
pears that the evaporation in the Ballinrobe catch- 
ment was to the rain-fall as 416 to 98:7, or about 42 
per cent, This is certainly, from the nature of the 
catchment, less than the average through Ireland, 
which cannot be less than 60 per cent. In high, 
steep districts, fully three-fourths or 75 per cent. of 
the rain-fall can be collected, and at times, when the 
catchment is saturated, nearly the whole; even in 
some few limited cases, when springs or hidden 
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p ing in detail, for the years 1861 and LAB2, the Monthly Mall of Ratnand 

as pened oak peirdale of he River Robe, at Hattinvate, Caritg Mayes te 

edtchment basin being 70,000 acres, or LLO ayeare miles ; tee tower end 100 fet, 

the upper end 330 fect ; and the average height of the surface about IRD feet hove 

the level of the sea, The average fall of the rine’, not inchating {he vapids, ia 

Jrom one to two feet per mile; the catchment is about 20 milea Fang, ulont one. 

“tenth of the area bog or low marsh, and nine-tenths clayey cond gravelly. Vhe 
river is about 38 miles long, F 


OBSERVATIONS IN 1a51. 
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supplies are re-tapped, a larger discharge may take 
place than that due to the catchment and rain-fall 
but these do not affect the general question. 

“The future population of the suburbs of London 
is calculated at 30,000 inhabitants per square milo. 
According to the following data, some of the clonscst 
portions of our large towns have a population of 
220 persons to an acre, The population on the 
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north sido of tho Thames is about 76 persons por 
acre, au on the south side 28 porsons per aero, 
Taking tho averago density of population in our 
twenty-one principal towns, there appear to be 6045 
inhabitants to tho square mile; but, from the fol- 
lowing tablo, oxtracted from Dr. Dunéan’s report 
on Liverpool, if will bo secon that if we select five 
of our most populous cities, the average in these is 
much greater, while in othors, it is equally certain 
that the crowding is for less than the general stand- 
ard to which wo havo referred :-— 
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Inhabitants to a Square Mile. 


Towns. Total Area, Builded Area,” 
Leeds. . . . . 20,892 .. | 87,256 
London . . . . 27,488 £4 60,000 
Birmingham . . 88,669 ahs 40,000 
Manchester. . . 88,224 43 100,000 
Liverpool . . . 100,899 re 188,224 


Dr. Duncan, however, states that there is a district 
in Liverpool. containing 12,000 inhabitants crowded 
together on a surface of only 105,000 square yards, 
which gives a ratio of 460,000 inhabitants, to the 
geographical square mile. In the Hast and West 
London Unions, Mr. Farr has estimated that there 
are nearly 243,000 inhabitants to a geographical 
square mile; but, great as this overcrowding is, the 
maximum density of Liverpool exceeds cnet of the 
metropolis by nearly double.’’* 

The amount of sewage from each person is’ cal-' 
culated about FIVE CUBIC FEET PER PERSON, including 
the supply from manufactories, breweries, distilleries, 
&c, SEVEN FEET PER HEAD has been recommendel 
as data to calculate from by Captain Galton, Messrs. 
Simpson and Blackwell, in their Report on the 
Main Drainage, and it has been found that about 
half of the estimated quantity of sewage would pass 
off in six or eight hours. ' 

In calculating the size of sewers; however, the 
rain-fall must be provided for, in addition to the 
sewage matter from houses and public establish- 
ments, Myr, Bazalgette calculated this for the Lon- 
don sewerage at ith of an inch fall in 24 hours in 
the urban districts, and ith of an inch for the 
suburban districts. Captain Galton and the Messrs, 


* Illustrated News, September 8th, 1855, 
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Simpson and Blackwell assumed ?ths of an inch fall 
during eight hours’ maximum flow. This would be 
1452 feet per acre. Assuming the highest data, we 
shall have: to provide sewers to discharge in cight 
hours ; 

* 1,452 cubic.feetof rain water per acre, 

3% cubic feet of sewage nearly per person. 
Assuming a population of 80 persons per acre, then 
these figures would become : 
in eight- hours, or 
about 31 cubic feet 
per minute, per acre, 
which shows that the sewage is not more than 3th 
of the rain water; and that, in calculations for the 
size of sewers, the surface water is the most im- 
portant clement to be considered. If we had as- 
sumed a larger fall of rain, the difference between 
sewage and rain would be greater. On the 20th 
June, 1857, the day after heavy rain, the referees on 
the Metropolitan Drainage question found the Nor- 
foll-street sewer to discharge 3 feet; the Essex- 
street sewer 6} feet; the Northumberland-street 
sewer 3} feet; and the Savoy-street sewer 203 feet 
per minute per acre; but the last result has been 
controverted. ; ae 

It appears that the daily amount of sewage’ 
varies from 4:8 cubic feet per head in the more 
thickly inhabited portions of London, occupied by 
a larger portion of the poorer classes, to 8 cubic feet 
per head in the western districts, where the value of 
water is more appreciated, and the cost less a matter 


of consideration; and the average of the whole 
x 


_ 1,452 cubic feet for rain, 
280 cubic feet for sewage, 
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metropolitan districts appears to. be 5:8 cubic feet per 
head per diem, If the day be divided into three periods 
of eight hours each, the amount of the maximum flow 
is between nine A... and five p.m. and 49 per cent, 
of the whole, whilst only 18 per cent. flows during 
the eight hours of minimum flow, which occur be- 
tween eleven ?.x. and seven a.u.* The advantage 
of storm flows in flushing is shown by the heavy 
rain which occurred on the 20th of June, causing a 
flow in the Savoy-street sewer which was equivalent 
to 20 times the ordinary flow at the time. This was 
six times the maximum flow, and although the sewer 
had been scoured, to a considerable extent, by a heavy - 
fall of rain on the previous night, the sample con- 
tained more than double the amount of total impurity 
contained in specimens of ordinary sewage, . 

In a town district, such as that drained by the. 
Savoy and Northumberland-street sewers, the quan 
tity running off into sewers, within six hours after. 
the fall, varies from 10 to 60 per cent. of the quan- 
tity fallen. Of the rain during the storm of the 
-20th June, 1857, nearly one inch-and-a-quarter in an. 
hour, 65 per cent., ran off within 15 hours of the 
fall, viz. -— 


46 per cent. in 45 minutes after the rain ceased, 
14 » in the next 62 hours, 
5 ,,. in the next 74 hours, 


In a suburban locality, such as the Counter Creek 
sewer drain, the quantity reaching the sewers would 


* Motropolitan Main Drainage Report, pp. 15, 17. 
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vary from 0 to 30 or 40-per cent. in 24 hours after 
the rain,* i? Ayes. 
In the Holborn and’ Finsbury divisions Me. Roe’ 
calculated that an 18-inch cylindrical pipe, laid at 
am inclination of 1 in 80, is sufficient for 20 acres of ' 
house-sewage, while a 5-inch pipe, laid at an inclina- 
tion of 1 in 20,is necessary for 1 acre, and a 3-inch 
pipe, laid also at 1 in 20, for g acre. A pipe 30’ 
in diameter, laid with an inclination of 1 in 200, 
would discharge 1700 cubic feet per minute, and per- 
fectly drain 200 acres of urban land covered with 
houses to the extent of 4000 or upwards, and each 
house having a water supply of 150 gallons per 
diem, In cach of these cases, however, the dis- 
charge must depend on the head and length of the 
pipe as well as the inclination at which it is laid, 
Assuming the inclination of those pipes to.corre- 
spond with the hydraulic inclination, we have calcu- 
lated their discharging .powers with water to be 
respectively 807, 72, 20, and 1700 cubic feet per 
nrinute, the areas to be drained being 20, 1, , and 
200 acres. Jn all calculations of this hind it ts ‘ 
necessary, for accuracy, to ascertain not only the max- 
tneum rainfall per hour, but also the proportions dis- 
charged per hour, according to the. season and district, 
énfo the main channel, as well as the junctions or 
places of arrival, In urban districts, 1500, 2100, 
and sometimes 3600 cubic feet per hour per acre, 
have to be discharged after extraordinary rain-falls, 
These may be taken as maximum results. The 


“+ Metropolitan Main Drainage Report, pp. 78, 78. 
. x8 
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gaugings of the Westminster sewers in summer 
give 53 cubic feet per hour for the urban, and 17 
feet for the suburban, according to Mr. Hawkins, 

In urban districts, however, a much larger quantity 
of water is conveyed more rapidly, ceteris parthus, 
to the mains, than in suburban districts and catch- 
ment basins generally, in which the maximum dis- 
charge per acre per hour,even in the steeper and higher 
districts, seldom exceeds 700 cubic feet, and varies 
from about 20 cubic feet for the larger and flatter 
districts upwards. This arises from the impervious 
nature of the surfaces it falls upon in towns, and the 
lesser waste in passing to the drains, as well as a 
large portion of the supply being often artificial. 
From 70 to 90 cubic feet* per acre per hour, is 
generally taken for the maximum discharge from the 
average number of catchment basins; this is nearly 
equal to a supply of one-fiftieth part of an inch in 
depth from the whole area. Thorough-drainage in- 
creases the supply and discharge. very catchment 
basin has, however, its own peculiar data, and a 
knowledge of these is necessary before we can draw 
any correct conclusions for new waterworks in connec- 
tion with it. It may be remarked, however, that any 
conclusions drawn from experiments on the supply 
of tributaries, particularly in high districts, are 
wholly inapplicable to the main channel into which 
they flow. ‘The flow into tributaries and mountain 
streams, or rivers, is always more rapid than into 


* Some interesting observations on rain-fall and flood dis- 
charges are given in the Transactions of the Institution of Civil 
Engincers, Ireland, for 1851, pp. 19-83, and pp. 44-82. 
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main channels and rivers in flat districts, and the 
supply from springs often forms a large portion of | 
the water flowing in them. 

TA BLE showing Summer Discharges of some English Rivers, as collected from ~~ 


various authorities, re-arranged, showing to some extent the effect of 
Springs in supplying Channels in different places, 


minnte, . 


NAMES OF RIVERS. 


Height above 
sea in fect. 
ber amnum, 


feet per minute. 
Discharge per 
square mile in 
cubic feet por 
per annum, 
Total averaye 
rain-fall in inehes 


Representing 
inches of yain-fan) 


Catchment in 
square miles. 
Discharge in cubic 


‘Yailey. Hill. 





Gade, at’ Hunton 
Bridge, chalk. . | 160 to 500 


Lea, at Lea Bridge, 
chatk, (Rennie, 
April.1796) ... | 30 to 600 


Loddon, (Feb. 1850,) 
green sand . . 110 to 700 


Medway, driest sea- 
sons,(Rennie1787,) 
clay. ww 


Miniam, at Panshan- 
ger, ohdlk . 200 to 500 


Medway, — ordinary 
summer run, (Ren- 
nie, 1787,) clay. . 


Neua, at Paterbo- 
vougll oolites, Ox- 
ford clay, and lias. | 10 to 600 


Plym, at Sheepstor, 
granite... 800 to 1,600 

Severn, at Stone- |° 

bench, silurian. . | 400t02,600 


Thames, at Staines, 
chalk, green sand, 
Oxford clay, oolites, 
&o, ry 





40 to 700 


Verulam, at Bushey 
Hall, chalk . . . | 160 to 600 


Wanille, below Car- 
shalton, chalk . .{ 70 to 350 


Trent, at its mouth, 
colites and Oxford 
clay . .. . . | 100 to 000 
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The above information has been obtained from 
Mr. Beardmore and Mr.. Hughes’ books, and from 
Rennie’s reports. The effect of the geology and 
fissures in the chalk and mountain limestone forma- 
tions on the springs of a catchment basin, and on 
maintaining the summer discharge, should be carefully 
noted as one of the elements entering into catchment 
basin statistics. Indeed, the maximum and’minimum 
discharges from catchments are of as much impor- 
tance to the engineer as the averages, and, for many 
purposes, more important. There were’ abundant 
opportunities of acquiring this information for all 
our Irish rivers, but we are not aware if these were 
turned to account. ; 

The effects of evaporation are very variable; some- 
times 58 or 60 per cent. of the annual fall is: carried 
off in this way from ordinary flat tillage soils, and 
other estimates are much higher; much, however, 
depends on the soil, subsoil, inclination, stratification, 
and season. The evaporation from water surfaces 
exceeds the annual fall in these countries by 
about one-third; and that from ‘lat, marsh, and 
. callow lands exceeds the evaporation from ordinary 
tillage, porous, and high lands. When the flat lands 
along the banks of ‘rivers extend considerably on 
both sides, an extra fall is necessary into the main 
channel, along the normal drains, otherwise such 
lands must suffer from excessive evaporation as well 
as floods, Evaporation also varies with the climate, 
and in this country we may assume that one-third of 
the whole rain-fall passes on to the sea. 

In a paper in the Journal of the Royal Agricultural 
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Society of England, vol. v, part 1, 1844, Mr. Josiah 

Parkes shows, that 424 per cent. of the whole annual 

rain of England filters through the soil, and 573 per 

cent, evaporated, being the mean results of eight. 
years’ observations, from 1836 to 1843, both included. 

The mean evaporation and filtration for each month 

during this period is shown and arranged by us in 

the following table :— X . 


: Doposited in Tous 
Total 7 
F 4 Evaporated, Remaining. _ j and Cubic fect per 
“MONTHS, falling. no reeres 


Mince Inches, | Inches, ‘per cent,| Enches, |per cent,|Cnbietect| Tons. 








Janumy. . 1847} 540} 20-3 }.1-907 | 707 | 4744 
Tebruary of LO7L 1547 | 784 } 5,616 
Mareh ., +} 1017 C 1-077 | U66 } 3,910 
April. . «{ 1456 0-306 | 21-0 | 1,111 
May 1-856 0-108) 58 802 
June - 2213 0-030 | Lv 142 
July . 2287 oo | 1a} 87 
august . 2427 0-086 | lt 131 
September 2030 0309 | 130 | 1,330 


October . 2-628 1-400} 406 | 5,082 


November . 8837 3-258 | 84D | 11,8260 
{ Decembor . . «|. 1641 1805 }1€0-0 | 6,552 
424 | 40,932 [1145 








Yearly averages . | 26-14 “0 | 11204 




















The maximum quantity, 32:10 inches, fell in 1841, 
and the minimum in 1837, 21:10 inches, The maxi- 
mum quantity which fell in January was 3:95 inches, 
and the minimum °31 inch; in February 2°85 and 
1°02 inches; in March 3°65 and 0:34 inches; in 
April, 2:57 and ‘34 inches; in May 6:00 and ‘70 
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' Experiments were made at York in 1882, 1883, and 
1834, for the British Association, with three gauges, 
—the first placed on a large grass plot in the grounds 
of the Yorkshire Museum; the second at a higher 
elevation, 43 feet. 8: inches, on the roof of tho Mu. 
seum; and the third on a pole 9 feet above tho 
battlements of the gieat,tower of the Minster, at an 
elevation over the gauge on the ground of -212 feet 


10+ inches, The quantities received wereas follows :— 
, Average depth for 
Depth for three yours, one yeres 


First gauge. . 64480 inches... 21477 inchos ; 
Second gauge. . 82169 ,, + 17880, 
Third gauge . . 38072 4, .. . Wl , 


Professor Phillips gives the following formula for 
calculating the difference between the ratios of rain 
falling on the ground and at any height 2 in the same 
place—? the temperature of the scason, and ¢ a ¢o- 
efficient dependent upon it; then the difference d is 

#9 

ad=chriiy 
The mean: height at which rain begins to bo formed 
by this formula is 1,747 feet over the ground; and at 
356. feet high, the depth which falls is one-half of 
what falls on the ground.* °, ‘ 

‘A discussion of the mean temperature in connexion 
: with the fall of rain, has been made at Greenwich for 

the years 1852, 1868, and 1854; and at Oxford for 
the years 1855, 1866, and 1857. The result shows an 
average of 160-3 rainy days at Greenwich for cach 
year, and 146-6 at Oxford, The difference of the mean 
teinperatures of the day of rain and the day before 
is less than that-of the day of rain and the day after. 
' * Vide Civil Engineer and Architect's Journal for 1860, p, 107. 
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Mean tempora. Moun tompora- Moan tompora- 


duro, day (ive, day of dure, day 
: boforo rain, rain, aftor rain. 
Greonwich observations 40269, A927 08° 
Oxford, do. 40°60. AMOR. AQ 


Dividing the .winds into two groups, northerly 
and southerly, the Oxford observations give the di- 
rection for 218-5 days’ fair weather. ‘The wind was 
northerly for 1816 days, and southerly for 87 days. 
For the remaining 146-6 rainy days, the wind was 
northerly for 64'5 days, and southerly for 82 days. 


SUCTION. XIII. 


WATER SUPPLY YOR TOWNS,—STRENGTI OF PIPES.—-SEWER- 
AGH ESTIMATES AND cost, SRM OR DUANE DEAIN AGI 
ARLTERIAL DRAINAGH, 


SUPPLY.—QUALITY, 
The supply of water to towns has become latterly 
asuhjoct of considerable importance, ‘Three points 
have to be considered,—first, a sufficient supply 

at high pressure, when it can be obtained within a: 
reasonable oxpenditure ; secondly; the quality; and, 
thirdly, tho cost: The advantages in towns of high 

pressure are now apparent to all in overcoming fire ;: . 
fronts of honses and pavements may also be cleaned, 
and strects watered if the supply be abundant. The 
highest apartments ean be supplied, and even niecha- 
nical power can be obtained for many purposes, as 
_ grinding’ coffee, at a reasonable cost. Mr. Glynn 
says,* © In many parts of London water is supplied 
at 4d. for 1000 gallons, at a pressure of 150 feet : 
a gallon of water weighs 10 lbs., so that 1000 


* Powor of Wator.—WEALE, 
' 
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gallons of water falling 150 feet, are equal lo 
1,500,000 Ibs. falling one foot; and if 1500 gal. 
lons of water be used -in one hour, they are equal 
to 37,500 Ibs. falling one foot in one minuto, or 
somewhat more tlian a horse’s power, which is 38,000; 
therefore, it nay be assumed, thatthe cost af a horse's 
power for an hour in such.cases, ig only Ge.” 

The number of gallons of water required for the 
supply of each person; including all collateral uses, 
has been differently estimated, and varies in almost 
every town, and even in the same city—London, for 
instance, when ‘supplied by different’ companies and 
under different systems, 44 gallons per heal, por 
diem, were supplied by the several companics of 
London in 1853, while evidence has been given to 
show that the actual average consumption for all 
purposes did not exceed 10 gallons per head, per 
diem ; the remainder having been wasted under an 
imperfect systema of distribution. It is assertor that 
when the supply is 25 gallons per head, per dicm, 
that 5 gallons of it are used for purposes requiring 
filtration, 10 gallons for purposes not requiring fil- 
tration, and 10 gallons wasted, or two-fifths of the: 
supply. As there must be a considerable loss under 
even the best system of supply, we may assume, 
with the Board of Health, that a ménimaum sugyly of 
75 gallons per house, per diem, or 15 gallons per 
person, per diem, is necessary. : 

The following is an abstract of the average mun- 
ber of gallons of water furnished per diem, by 
different water companies in >London, during tho 
year 1853, to each house, including manufactorics 
and public establishments as houses :~ 
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Por ouxe, | Per Porson, 


Now River Company, : 103 88'3-6 


Hast London Water Works .. so {' 187 874-65 
West: Middlosox Wator Worlkts , 204. 40°6-5 


Grand Junction Water Works { foes 
Southwark and Vauxhall Compantos? Housos 35 


Ditto average houses, manufretories, public 
establishments... 00. 0. 


Cholson Water Works 


Tlampstond Water Works. 





Kont Wator Works . , j 85 


‘ 4463-6 


Monn Valuos . 223'3-10) 448-5 





‘These quantities have been calculated from the par- 
liamontary returns made in 1854; and if there be 
my truth in tho calenlations and returns of the 

* quantities actually consumed per person—said ‘to. be 
10 gallons——we get the proportion, as 10 is to 34. ‘so is 
the quantity consumed to the quantity wasted. But, 
even assuming the quantity consumed to be 20 gal- 
lons per head, what an immense logs is here exhibited 
from want of a suitable system of distribution. 

For large towns it is safe to provide for many 
purposes, besides mere personal or house wants ; and 
it is safer, where it-can be done without much cost, 
to provide for a supply of 40 gallons to each inha- 
bitant, even if this quantity shall not be used or 
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raised. For high pressure, the supply required will 
generally vary from 15 to 42 gallons, or from 3 to 
7 cubic feet to each inhabitant, or an average of 
about 30 gallons, including’ the supply to sauce, 
offices, manufactories, and breweries. 

The quality of water for drinking, washing, or 
cooking, is also an important element in selecting 
a source of supply. Hardness is measured by the 
number of grains of chalk or carbonate of lime to 
a gallon of water, each called a degree. The average 
hardness of spring water is about 26°, that is, 26 
grains of carbonate of lime to. one gallon of water. 
Rivers and brooks have an.average hardness of 13°, 
and water derived from surface drainage 5°; hence 
the great advantage of the latter kinds of ‘water in 
washing. The average hardness of the London pipe 
waters is from 10° to 16°. . The following report 
and analyses furnished to me, in 1855, by Professor 
Sullivan, of the Museum of Irish Industry, Dublin, 
will show what is generally required on this head :— 

“On the annexed page you will find the numerical 
results of my analyses of the four samples of water 
which you left with me for examination. From the 
table you will perceive that the water of the Mattock 
River appears to be the purest, so far as the nature 
and the amount of the foreign substances held dis- 
solved in it is concerned. The water of the Boyne 
comes next in quality to that of the Mattock River, 
the pump water being in every.sense the worst, so far as. 
amount of ingredients can be taken as a test of the 
quality of a water,; in this respect, indeed, itzesembles . 
the water of the deep wells of London and elsewhere. 
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“ As the ordinary mode in which the quality of 
a water, for drinking and: for culinary and like pur- 
poses, is judged of is, by the comparative amount of 
organic matter, the total amount of dissolved matter, 
and its hardness, according to. the ‘soap test, I 
shall give in the following table the numbers repre- 
senting each of these qualities :~ © 


LADLE showing the number of grains of Organic Matter, and the number of 
: * grains of Solid Matter, in an imperial gallon of 

rr 

Number of Numbor of — 




















Degres of 
Grains of Grains of Hardness. 
Water from Organic Matter, | Solid Metter, | according to 
por per the 
Imperial Gal, | Imperial Gal, | Soap Test, 









15 8-10ths, 






No, 1, ‘Lullyescar. . .| 8976 grs. |.. 81,175 


2, River Mattock ,| 2 (about) 16,360 9 1-10th, 
2 






3, River Boyne ...| 9:260 °, |. 92,700 © | 14 9-10ths, 






84 4.10ths, 








4, Burn’s Pump. .| 7100 76,850 


« Tn order to render this table more instructive, it 
may be well to subjoin a few of the results obtained 
from the analyses of the waters of other localities. . 


PABLE showing the number of grains of Solid Matter contained in one gat- 
. 8 lon of the following Water: 


Thames, at Greenwich. 6 «eS 27°90 grains, 
London. . . . >, PRED” 5, 
Wostminster «ew Ade, 
Twickenham wa Ss » Wd, 
i Teddington. °. . » itd, 
New River (London). Peer » 102, 
Lea ,, ” ' . os op0 ROT, 
Trafalgar Square Fountain, Deep Well . -.689 — ,, 
Well in St. Giles’, Holborn»). 6 10850 =, 
Artesion Well at Grenelle (Paris). « "986" » 
“The following are some of the.results obtained 


from an examination of the waters in the neighbour- 


” 


” 
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hood of Dublin, or which have been proposed as a 
source of supply :*— ~ 















Total Number | Total Number} Degres of Hard: 











: f Grail { Gral ness. accordin, 
Locality from whence Water ioe Tuperial a Organto to the Bony a 
was obtained, Gallon, Matter, Test. 
ret 3 degs. 
Royal Canal (12th Lock) . «| 21:0 2°80 140 


Grand Canal (7th Lock) . .} 16°800 2:30 10 8-4ths, 
River Liffey, at Kippure . . 8°526 1:90 0 2.10ths. 
si at Phoulaphouca 5'126 1°50 0 2-10ths, |. 
Lough Dan, Co. Wicklow. . 2800 1225 + 0 B-10ths, 
River Doddor, at City Weir .) 8360 | 1625) 1 8-10ths, 
Lough Owel 22. 1 6 + a | 10/226 1560 6 7-10ths. 











“The quality of a water for drinking purposes 
depends in a great degree upon the condition in 
which the organic matter is found, much more’ than 
upon’ its quantity. This is, however, a question 
outside of the domain of chemistry, and can only 
be solved by the aid of the microscope. I may, 
however, venture to, remark that the organic matter 
contained in the water of the Boyne and the Mat. 

* While these pages were passing through the press, Dr. Apjohn 
gave the following analyses :-— 


Total’matter Organio 
Uesolved, mattor, Hardness, 


Grand Ganal—mean of seven dnalyses . 20-78 +95 16:0 
Royal Canal—mean of five analyses. 20°76 164 141 


Litfey—meun of eleven analyses - 862 197 61 
Analysis of the deposition on pipes from the Portobello basin :— 
Water -°. . . . . ‘ 2°20 
Organic Matter 2 2S, O71 
Sand. ao ae : . ‘. 10:20 
Per Oxide of Ivon and Alumina. 3:50 
Carbonate of Lime - so. 7420 
Carbonate of Magnesia . . . 19 


100 
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tock River is of vegetable origin, and would not, 
so far as I believe, be injurious to health, 

“As a general rule, I believe that the water of 
' clear flowing rivers, even though it may contain a 
large amount of solid matter, and even of organic 
matter, will be found-wholesomer than well water, 
‘especially in towns. 

“For certain manufacturing purposes, and for 
culinary purposes, too large an amount of lime is 
injurious, but I believe that a certain quantity pre- 
sent in water, is not only not injurious, but in my 
opinion is of the greatest utility, aid‘ renders the 
waters wholesome, I think the rage for extracting 
pure water containing only one grain of solid matter 
to the gallon, or thereabouts, for supplying towns, is 
carried too far. Such water is, no doubt, the best 
on a hill side; but, I question whether it is equally 
well adapted for resting in basins, tanks, pipes, &., 
with that containing some lime. The River Dodder 
and Lough Owel waters appear to me the best 
adapted for city and town supplies, The River 
Mattock contains rather more than either, but it 
is decidedly better than the water of either of the 
eanals from which our Dublin supply is drawn. - 

“Drogheda is rather badly situated for a supply 
of very soft water, as almost the whole drainage . 
basin of the Boyne is either situated upon limestone, 
or the feeders of that river rise through the cal- 
eareous drift gravel which covers so. much of the 
country, -The water of the Boyne appears to be 
an excellent water for most purposes, and perhaps 


the difference between it and the Mattock River 
Y 
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Tabular Results of the Special Analyses of Four Samples of Water 
from the neighbourhood of Drogheda. 





No.1. No. 2, 2 4, Ge ‘i 
ii r eae Mattock jurns’s servations. 
Nature of dissolved matter. | wativescar,| Mattoo __ oars 





ii Tnelulyo of j vary 
Carbonate of lime. . .{ 9350 | 7302 se small quantity of 


Phowphata of lime 
Carbonate of magnesia .| 0-430 0-510 0685. 


and irom mob sepa 
rated from tho lime, 


Sulphate of lime . . «| 0-043 | 2-014 4:568 
Chloride of magnesium .{ 0743 1:258 8-445 
Chloride of calcium . . oe oe a D524. 
Chloride of soldimm . \ 


Magnesia existing as cre- 
nate, &e., in the water. 


Lime do do. . 
Silicon do, do. . 
Potash and soda existing 

in water, as nitrates, 


erenates, and other or- 
gauiosalts, , . . . 





Organio matter... . 


Total number of grains 
per Imperial gallon. .{ 81°176 78850 











may in part be accounted for by its being taken 
near the banks, or more probably,-perhaps, because 
it was above and close to where some small stream 
entered. 7 

“The quantity of solid matter in it, however, was 
not more than I would expect considering the nature 
of the locality. I did not draw attention in my 
Report to a point of some importance—namely, the 
proportion of lime and magnesia existing’ as car- 
bonates, and as sulphates, and chlorides. The whole 
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of the lime and magnesia existing as carbonates, and 
as sulphates, and chlorides, is precipitated by boil- 
ing, the water being thus proportionably rendered 
less hard; lime and magnesia existing as sulphates 
or chlorides, on the other hand, are not precipitated. 
This difference is of great consequence in culinary 
operations, as where boiled water is used, the car- 
bonates of lime and magnesia are not injurious, and 
if no sulphates or chlorides be present, the water 
may be soft after boiling. The same observation 
applies to water applied to washing clothes when 
boiled, And lastly, sulphate of lime forms one of 
the worst elements of fur or deposits upon steam 
boilers,” 

The saving in soap effected by a reduction of 10 
degrees in hardness, is found to be over 50 per cent. . 

Some of the metropolitan waters analyzed by Dr. 
Robert Dundas Thomson, F.R.S., were found, in 
May 1860, much more impure than others, the sam- 
ples of which had been taken at the beginning of 
the month, before the impurities conveyed by the 
rains had contaminated them. The supply afforded 
by large and small rivers, as in London, in this 
table, contrasts most unfayourably with that afforded 
by the drainage of mountain ridges, as at Glasgow 
aud Manchester. The specimens of water from the 
two latter cities were taken by the instructions of. 
Mr. Bateman, F\R.S., the engineer, from the main 
pipes during the month. It should be the object of 
the London Companies to avoid pumping the water 
in its most impure state, and to store it when in the 


condition of the greatest purity. : 
¥8 
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Totat Organio 
pomattase | per galt, 
. Greyor® | Gia oF 8 
Distilled water  . . 5 . . : " 
Loch Katrine water, new supply to Glasgow 316 O00 
Manchester wator supply . . . ‘ 432 O04 
Trames Cospantns :—Chelsea . 17°84. 148 
Southwark . -. soe 17:08 164 
Grand Junction =. . < 20°72 2:00 | 
West Middlesex a cas 20°08 2°08 
Lambeth. 9. . 5 20°80 2440 
Orner Companres:—New River. 18:62 166 
East London . we * 23°64 320 
Kent se . . . 21°68 206 








The table is read thus:—Loch Katrine water con- 
tains in the gallon 3°16 degrees or grains of foreign 
matter in solution, of which ‘96 degrees or grains 
are of vegetable or animal origin. 

Professor Apjohn gives the following analyses of 
waters furnished to the city of Dublin in 1860. It 
shows how necessary it is to distinguish the time of 
taking specimiens for analysis, and the previous stato 
of the weather as affecting the foreign matters in the 
water. The specimens were collected on the 6th and 
19th of May, 1860. The quantity operated upon in 
each instance was an imperial gallon, or 277-278 
cubic inches :— 
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OITY WATKE COURSE, TODDER, 


bth May, 

Carhonato at lime. to | eno 
Oevbenate of nmgnesin .. 
Sulphate of Tino and chlo- 

vides of godin mid mag | 
nos, so ee ae 

Nilox 5 +e ee we + OLOG 

Organio mublor. 6 6 6 6 VOLL 


8302 


Ath May, 
Viglital ' 
o70 Spocitle gravity of 

specimen (6th May) 

100011," 
Spoviflo gravity of 
speainion (19th 
May) L-ooul4, 


2171 


0526 
peat y 


11-086 


TORTONETLO WAKING 


Oarbonato of limo. . . 
Carbonitto of magnosin . . 
Sulphato of lime and ohlo- 
vidos of sodium and mag- 
WWMM. 2 oe ee ee 


} 7087... 


HOGB we 


11-060 


oat | Specilo gravily of 


spovimon (Sth May) 
100028, 
Spevifle gravity of 
spocimon (19th 


761 


Aillox 6 6 ee ee we VOB a. ODM 
Organic matter. 6 6 6 6 BBOR 4.) 8880. May) 200031, 
16126 IWGS8 


Tt will bo observed that ‘the quantittés of saline | 
and olher ingredients found in specimens of sane 
water ‘collcetod ab the two separate periods abovo 
mentioned are muterially different; those obtained 
ab tho later dato (May 19) containing tho larger | 
portion of foreign matters, ‘Tho ogtent of this 
variation ig very considerable, and it appears to Dr, 
Apjolua to have been the consequence of a very con- 
‘siderable fall of vain, which took placo in the in- 
terval between the periods at which the specimens 
wore taken up for analysis. 

When tho means of tho preceding analyses are 
taken, wo obtuin the following results :— 


Olly Wator Course, Bogtabello Basin, 
Moan amount of sutino mattor , 8608 1e0dd- * 
” ” orgenio mattar, 1460 2°708 
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SOURCES AND GATHERING GROUNDS. 


The sources from which a water supply for towns 
may be derived are lakes, rivers, and streuns, 
springs, wells, and gathering grounds, Of the latter 
it may be said that, however ably put forward under 
the auspices of the Board of Health, it is far safer 
to resort to good river waters than trust to what 
has been termed, with some satirical truth, “new 
fangled schemes of pot-piped gathering grounds.” 
Springs and wells afford, at best, but a partial sup- 
ply unless for villages or manufactories; and we 
must almost always trust to lakes, rivers, or streams, 
with sometimes reservoirs, for stowage, for a suit. 
cient supply for large towns. The Croton aqueduct, 
conveying water with an average of three degrees of 
hardness, to New York, is perhaps the noblest work 
for water supply of modern times. The length:of 
the aqueduct is about 44 miles, with a channel in- 
clination of about 16 inches per mile. The receiving 
reservoir is about two miles higher up the channel 
than the distributing reservoir, which latter is 115 
feet over thé level of the sea, and commands the 
highest buildings of the city. In the driest weather 
the supply is equal to 28,000,000 gallons,* The cost 
of the work, including the purchase of land and 
water rights, was 8,575,000 dollars, or £8 per lineal 
foot nearly. The cost of distributing pipes was. 
1,800,000 dollars. Latterly we have had the Loch 
Katrine and Glasgow aqueduct, also a noble work, 


* Schramke’s Croton Aqueduct, New York. 
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constructed after this model by Mr. Bateman, -not- 
withstanding the previous supply of that city, or a 
portion of it, the Gorbals, from gathering grounds at 
ahigh level. It is, however, sometimes necessary 
to make use of such grounds, particularly when 


TABLE showing the Quantities of Gathering Ground and Reservoir Room to 
supply a given population with 18, 80, and 40 gallons of water per head 
Ihe reservoir room ts aalculated to hold 12 inches in depth 


per diem, 
For 4 inches the 


of rainfall per mile as a guide for lesser depths. 
results are to be divided by 3; and for 0 inches by 2. 











































































ad 4 ggg gies BESS 
ge} ge |aes3 | 4, | dBLE | sige 
: ae Be 4 Ee Feens ie 
BR Be ge 3 Re PL ans? 
aa bs CJ 
21 | al ae H2 genres! 28a 
dg | gz | geiFa| ‘Be sen) gees 
3 aris” | sy | peed? | Fea 
g Bee i Eee, | 232% 
7 gle | UP ldacve ay 
: 
ag | & 3 | 683e E Satie | Baa 
2,500 1,260 987 4-179 +0376 ‘0789 2196 
§,000 2,600 ; 1,876 8358 ‘076 1077 4:393 
7,600 8,700 2,812 12686 1126 +2366 6589 
10,000 6,000 8,760 | 16715 16 +8164: 8786: 
12,600 6,260 4,087 20°894 ‘1876 8942 | 10982 
16,000 | 7,600 | 6,026 | 36072 1225 4781 | 18-179 
17,500 4,760 6,602 29°26) 12625 6519 | 1375 
20,000 | 10,000 | 7,600 | 48-480 +800 6808 | 17-5672 
26,000 | 12,500 9,876 41788 » BIE “7886 | 21-966 
80,000 | 16,000 | 11,280 60°145 “46 “9462 | 28-858 
86,000 | 17,600 | 18,126 G85 625 11089 { 80-75 
40,000 | 20,000 | 16,000 66*9 6 1:2016 | 86144 
46,000 | 22,500 | 16.876 | 76:2t7 676 14198 | 89-687 
60,000 | 26,000 | 18,760 83:67 76 1:677 43-98 
66,000 ; 27,500 | 20,626 91-982 825 1:784 48:32 
60,000 | 80,000 | 22,600 | 100-29 9 18924 | 52-716 
6,000 | 82,500 | 24,876 | 10865 076 BO6OL | 57-109 
70,000 | 85,000 | 26,280 | 117: 105 22078 | 61-502 
76,000 | 87,600 | 28,126 | 126:36 1126 28655 | 66°896 
80,000 | 40,000 | 80,000 | 183-72 12 26282 | 70-288 
45,000 | 42,600 | 31,875 | 1421 1276 26809 | 74681 
90,000 | 46,000 | 88,760 ; 160-486 186 28886 | 79:074 
95,000 | 47,500 | 86,626 | 1688 1-426 2970 83'467 
100,000 ; 60,000 } 87,500 | 167-15 36 8-164 87°86 
108,000 | 62,500.) 80,875 | 176-5 167) || SB1L 92-25 
[10,000 | 66,000 | 41,260 | 183-86 165 8-469 96°64 
116,000 | 67,500 | 48,126 | 192-22 172 8:62 101-10 
120,000 } 60,000 | 46,000 | 200-58 18 8785 = | 105-43 
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flanking or lying above glens where un embankment 
may be easily thrown across, mul the supply stored 
for use, which would otherwiso puss quickly off, 
The table, page 327, gives the areas of reservoirs 
and gathering grounds according (o a collection of 
“one foot in depth from the catchment; i& ean be 
easily modified when the slorcage or required supply 
exceeds or falls short of this depth. One acre of 
gathering ground with « collection of’ heelve tuches of 
rainfall from it annually will give a daily supply of 
Jive cubic feet per head to dventy-finer inhabitants, 
_ The next table will be of uso in showing the 
actual quantities which havo bean collected, or could 
have beon collected, for storeage, TTomersham, 
Hughes, and Beardmore’s books have beon consulted 
in arranging it. 
The various methods employed for purification may 
be classed under threo hoads ; mechanival, by filtering 
‘or straining ; chemical, ov antiseptic media, such ag 
peat and animal chareoal, and previpitation by the 
uso of limo water; and tho natural preeipitation of 
impurities when the water is ab rest, as well as tho 
pwification which takes place from oxiration and 
neutralization on thorough exposure by tho ozone of 
the atmosphere, This latter plan has, however, beon 
tried, and signally failed. Tilter beds may bo com 
structed to have a surface aren of ono squire yard 
to every 1,000 gallons to bo filtered in tyonty-four 
hours, For oxeeuted works tho proportions vary 
from 1 in 460 to 1 in 1140. ‘Tho cost of filtering, 
in capital, may be said to vary from £30 to £70 for 
each million of gallons, or 80s, to 70s, annually. ° 
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HB showing Information with reference to nize of Reservotra, Catolonent Areas, 
dey collected aud arranged from varvioun authorities, ‘The pirat, MM, and aivth 
columns contain information with referener to reese ea and the collecting arears 
the aeconel, Chired, dnd fourth, ahow for diferent districts the whole rainfall, and 
the portion ae pe? contage Howing of and avaltable, 


econ yneanensertn eee iene 


yAD, 













































































A ; ng | yg, 4g 
gf fy gue a3 Hs 
it 8, 4 Hid galt] SHS 
Named of Drnlunge: Area uy rh | RaSS | ea g ut gy 
rad nawen of Roworvelvit fog Hag |e vl tay S2es 
! qa) da a) eed ia 
He ae ‘ig 
AMON eveveeeververee OD [4600 fae fe gy ” 
Athany Works, UH. eee “a0 a a 7 Ud 82 
PaNinvobo, Troll, .e..f EEO [| dika RA 58 “ 
Belmont (uaarhaut, mean : 
of four yearn) cveeeees]| BAL bh wo 13 Qe 1 
DON ve eesavecevvvees “H) oe o . Qa 20 
Taito (low country) vy eres . tied a0 68 ae oa 
Datemar’s Mvidinee on the) 
drainage aren of Longe 
dondaly tens 
Virsthall ot 144g, very ary QL lah ts rer ay 
Seem nd! of UR oe, BES 27ah 7 fy wa 
Virst halt of TRIG cee ee aah 17h 7h Ge ea 
Oat, Novy aml Dew, 1g BOT 8h we +2 
Dann Reservoir (norte) ae a AO a a ai 
Denton aves ond woth s é 2 ‘ 
Kil Ol Laupityas Mell, re we ee Hy 836 <. 
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COs, 

With roferenees to cost, the following tubles, ar. 
ranged by us from various sources, will all ord in 
fommation from works exeentad, 

Tho vehi cost ef all warks for house goryice 
varies vory nich in different lowns, and with the 
quantities supplied, from a general average of 1d, 
per house por week, do 22, and from an ammal 
rato of 92 in the pound lo te Gd, and higher, 
Tho cost. of raising and supplying 1000 gallons 
from a hoivht of 196 feet in Nottinghum, is said to 
be 8d, and the charge for louso service to vary 
from Ge, to GOs. aunnuly, tn Rugby, tho average 
cost por house is LYs, por year, 442. per week, ov on 
amimal charge of 3s, 8d, por your, or 4d, per week 
per head of the population, wad for a bare supply 
of 18 gallons, In Croydon, for a supply of only 
V4 gallons per head, the cost of works variod from 
Lad, bo 242, por houso por week. ‘Choe parliamentary 
returns, showing tho umber of houses supplicd, 
and cost of supply, by dilorent water companies of 
London, in 1834, give the followhg results -— 

Naber dally | Clothe ot) Aynhant ot 


COMPANUER, Mt aveute | Bupply | “atargo pee 


Happly die ayer 
Vannen, uit ET eats Company. 


Now River vo ccseerev eee tee THUS Qt 
Cholsiat secs Neer iva Thal Hin 
Wont Middlesex. cesr eens 16,000 tah 16 210 10 
Crard dtation yess ee eens 11,40 Hit) Ine $3.46 
Vast Tonto. sees eateonns AG MIL 120 I tao 
South Tandon ...5 10.0 100 O16 0 


Tamiboth , . ws TUN 12 q O17 0 





Southwark . 7,100 10 24a 
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Cost of hougo upparatis for private supply from 
strech mains, as avoraged by the Bourd of Tealth, 
for first-rate houses, f4 £8 [8s 225 secondaate 
houses, £2 18s, Ged; third-rate, £2 88. 8d. ; fourth. 
vate and cottages, 17s. Gd; average cost for houses 
and collagos, £2 8a, Led, 

Tho actual cost of privato works—to talco water 
from mains for the supply of cottages —is shown in 
tho following table :-— 





Meun Exponno 
Wark NAM} OF IHAGH, of Peivnig | ABDuAl Valuc 

oxcouten hy Works for 
conch Cattnyos 


a de La d 
Tan. LHH3 | Rugby, men of O Cathagaticccs os 1Wwa 610 0 


o 
onob Cotingo, 


Mars1Bh2 | Groydonseccese TO yy cece | 2 0-0 4 0 0 
9 1662] Bavnnand Castle if ieee Lid ib] 826 
Aug l85Q | otloulmes.. 6 4 veseee | @ 12 10$ 110 0 0 


 paenerrenrene tees narenenreet oma 


Moan valuion for ongh Gomiyo ceseeeeeeeeree? 2 0 0 619 I 








The water rato charged by the Local Board ab 
Tottonham, is piven as follows :— 














pied ai sea 

din or we auine ats wecetmunnine) Wator Rata | Wator Tato 

Avovo | <Aatawt |= wee 
(Promina) Law | es ad) da dl ow a 
dsmontiod, n 10 6 0 ” 02 6 
" 10 0 0] 6 0 0 ” 099 

” 16 0 OF 20 0 0 ” 060 

” 20 0 0; 2 0 0 ” 06 8 

" 2 0 0} 30 0 0 ” 08 0 

" a0 0 0] do 0 0 ” O11 0 
bee 10 0 0} 50 0 0 » Olu 0 











and 8s, for every additional rate of £10. 





ar — 
e665 Fis sro €8 sooTtes 1 




















> 








asiuyp [nutty esas 














oD 


we fF 





a 
R 

S) 
é 
3 


3 
SH 





ss 








A} 
a 





| 
| 
































THE DISCHARGE OF WATER FROM 


TOWAL 
00% 
japrayUyUOD 


“BORO E I 
sastloRy 


*e0]00IS | 
“sostloRy 
ss0tD 119 
“sosmlOy{ 
S8UID UP 
"BOSNORT 
s881D Dig 
ssosnoy, 
eSUID pug 
sosnoxy 
sasnoxy 
sounoyy 
sa8noy 
s08R0R, 


























aduguo ped 
osuyaes 106d 
‘IUOON OT 
Sayuyy709 
*sGtOOU BL 
Bayeryyjuoo 
“su 08 OT 
Buyuyujuop 
mat 
a 
<smooy 9 
Bayuyyjuoo 
setony F 
Sapyvyico 
“sUloory g 
Saprpeytos 
wosnoyy 
























“$81 dO SNUQLIY AUVINGNVITUVE GAL WOXs GTONVERV 
‘NOGNOT NI A2TddNs$ HSQOH YOd WONNV aaa SOUVHO GOVAIAY GHL ONLMONS ‘a1aVL 


332 











“worRomny pueip 


eS 








ORIMOES, WEIRS,-PIPES, AND RIVERS. 833 


PUBLIO WORKS OF WATER BUPPLY, PRESTON. 


Yanda, Cost of Pipes. Soa @& 
dd of 2-in, iron pipes, including valves, 
fire-plngs, outlot-pipes, and all 





appurtenances, ab 1s Yd... . 8 0 8 

1400 of 8-in, ditto, nt Ss 4d. 6. . . 249 6 8 

SQL of din, ditto, abd. Od 2 1... 76 4 9 

02s of B-in, ditto, at0s,. . . . . . 187 10 O 

$0 of O-in, ditto, nb 0s.0d. . 3. =. =. i 6b O 
9,516 £580 16 1 


Water Suppiy and tts Cost for some Cities and Towns, from a Paper read to 
the British Association at Leeds, in 1868, by Dr. Strang, of Glasgow. 
Fide Builder, for 1868, p. 603. 


Dath, Dail; 
Population 
Supply | gost of | Survly | Prospective 
TOWNS, within | Daily Supply, {for oroh|, CO8t%f | |torovery! Supply datt 
veel ot , inbable [@MdetEAlng Oye | in eaidlon | 
PON: tnnt, pended, 


Gallons, —|Gallona. & Gallons.) Gadlona, 
Tondon .... 2,067,017 | 81,025,842 | 80-3 |7,102,828 | LL on 


Pasta... {1,100,000 | 26,860,000 400,000 | 88° {20,000,000 
Hamburgh . | 160,000 | 6,000,000 170,000 | 2960]... 
New York ., | 719,000 | 28,000,000 1,800,000 | 166] 
Manchoster. | 600,000 | 11,000,009 1,800,000 | 86 | 14,000,000 
Livorpaot .. | 600,000 | 11,000,000 1,040,000 | 7 : 
heads..aees | 188,000 1,850,000 288,871 | 7 ee 
JMinburgh , | 216,000} 4,800,000 466,000 | 10-5 | 2,060,000. 





Aberdeon .. 06,000 | 1,200,000 50,000 . ea 
Duniles.... 06,000 } 1,760,000 189,000 

Creannele . 4 40,000 | 2,112,500 90,000 

Taisloy ...4 £8,000 1,021,452 60,000 

CInsgow..., }- 420,000 | 16,710,000 651,109 | 26° 

















The cost of pumping varies with circumstances ; 
wo believe tliat pumping engines cannot be put down at 
less than from £60 to £100 per horse power, dependent 


304. 
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on the sizo of the engine, althongh the Board of 
Health adopted a standard of £50 por horse power, 
Jor the town of Drogheda wo estinated for tyo 


engines al £76 per horse power, 


The following in. 


-formation has beon furnished ous respecting: tho 
cost of the Waterworks, Gork, by Sir John Bongon 
tho engineer, who designed and carried out the works, 


Steam onpdine LUM hoari, 
powers 


wa O0-horge power is 
inns. 


Rosorvoira--+ 
dana aot 8,500,000 gvthione, 
One of 63,000 allan. 


Cosh por Tent. 


Valuation utandard por 
pound on the ynhiation. 


Yerrly vost poy five in 
Tiabituates, 


Water supplied. 





ORK WATER WORKS, 


Direct noting Coaivh  Paygdine with 
threo cylindrical fie hoilovn, drielud. 
Tat eryrine and oiler hones, wetting 
Hollows, clinton, Gey daisy por horse 
[WOR eevee renee eae 


‘two uybinend corapletedt with Caw Lt 
in, rum plump on eal, ineluding 
Mniltingga, cinterm, adviean, yaton, 
Horan, Poy howay PWM ce rerees 


Oue reservoir ont tovel of! EXt fuok over 
woit 

On renerveyi ona toyed of MIO foot over 
WOE veeeeee ene 


ho falta Qe HGL, HALOOU as 
Whe dhabitaates a UOT, LOGIN. 
City valuation, TI QUO vy cere crea es 
Distrifution poy hein af avery five 

PORMON erence eee vena tesecenes 


Quantity supplied, inehuting manntw. 
toriet, fo One poral par aly careees 





M0 0 


Aino 0 0 


HO qollons. 





The total estimated cost of engines, ineluding 
pumps, engine houses, wells, &e, for raising the 
London sownge, is £70 por horse power, and the 


annual cost £20 


per horse power.® 


When cons aro 10s. por ton, tho cost of an engine 


* Main Drainuge Report, L857, py. Qt. 
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exceeding 100-horso power, single acting Cornish, 
working night aud day, will be £10 per horse power; 
when coals are 16s, per bon, the eost would be £13 
per horse power ; When coals are 20s, per ton, the 
cost would be LLG per horse power; when coals aro. 
28s. per bon, the cost would he £19 per horse powor, — 
Theso estimates have beou given by Mx, Hughes, and 
include every expense of coals, wages, oil, tallow, 
materials lor packing, cleaning, &¢., but none for 
inforest of capital or depreciation of machinery.* 

At tly the cost of pumping is stated by a writer 
in tho Builder to be as follows :— 


To pump ona million yallons 140 foot high, tho old ongino 
CONHINNN— &a ad 
Four lous of coud, ah 108 por OM cree 8 4 0 
Oil, Callow, wil pUkinpLresccseccerecssersee O12 0 
09 0 





Total cost of pamping one million gullonbreveeecee £6 0 
whieh gives Ud per 1,000 gatlons pumped 140 foot 
Tigh (not nw vory high price), 
Tho now ongginie vequivon=- 





Hive and n half tons of cond th Ue € 80 
Oil, tallow, and ynokhyy.. Lio 0 
WARS ceesesrvevvevesteesenee ‘ 2120 

7 0 0 


otal cont of pumping ong million gallons £40 feot high 
whieh ix 06 por cont. more monay than tho old 
OUETRG FOC UIeOs, 
While anothor‘wriler in the same poriodical states, 
that tho cost of pumping 1,000,000 gallons with the 
old ongine was £4 18s, 8}, and with the new 
ongino, 4 10s, 7d, Tn the following table, arranged 
from information in Mr. Hughes’ book, the estimated 
cost of pumping: engines for various works, English 
mul Aimorican, is given —~ 
* Main Drainage Roport, 1867, p. 447, + Waatn, London, 
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In Eexameie 28, pages 39 and 40, we have pointed 
out the method of calculating the increase of horse 
power required in raising water through pipes from 
friction, and also the great increase of this extra 
head if tho velocity increases ; the increaso being 
nearly as the square of the velocity, In addition to 
this, an allowance of horse power must be made for 
bends, curves, junctions, and other obstructions, for 
‘the effects of which sco Sxorton XI, ‘The more 
slowly the water is pumped, tho less will the loss be 
from these causes through tho same pipe, It is 
therefore, 80 far, advisable to give as large a diameter 
to the pipes supplying a reservoir from a pumping 
engine as other aspects of the question, cost, and 
engine power, will admit, 


TILOKNUBS O} PIPES YOR WATER WORKS. 


Zt is evident that tho thickness of a pipe should be 
at least sullicient to bear tho pressuro of the atmos- 
“phere, and therefore the whole pressure in a pipe is 
hest expressed by a determinate number of pressures, 
each equal to that of a column of water 383 feet high. 
Ifa be the number of such pressures, or the number 
of units cach oqual 33 fect high, @ the diameter of 
the pipe in inches, and é the thickness, also in inches, 
we shall have for 


1. Tron pipos, plata. . +. t= 0000nd+ +18. 
2. Tron pipos cust horizontally OO nd + 38, 
8. Tron pipes cast vortically , ‘O0LGnd + °82, 


(A) 4, Copper pipes, plato... t= 0015 ud + 116, 
? 6. Toad pipes. ee eee t= '002dnd + +19. 








6, Aine pipes... t= 005lad+ °16, 
7 Artilicinl sono . 6 e == 0064 nd + 1:60, 
& 
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For cast-iron pipes the cngincer of the Paris water 
works, M. Dupntis, adopted in his practicé a formula 
which is eqnivalont to 


(B.) £0010 ned 4-32 4-018 a 

in the foregoing measures, ‘his formula may also be 
expressed as follows i ; 
(0) £22 (00160 + O13) d 3% 


If d be 12 inches, and = 9, corresponding to a preg- 
sure of 297 fect, wo shall find from tho last equation, 
t==(O 14-013) ¢ 12+ BY 8336 BI -4536 inch, 
All pipes should however be proved with ton atmos- 
phores, or 330 feot, and in practically applying the 
above formula in equation (A), for finding the. 
thickness of pipes, the value of 2 should always have 
10 added to it, Teneo, applying formula (A), No, 3, 
to our example, wo pet ¢-00LGX 19% 124-32 = 
6848 inch, which is the same practically as found 
from equation (C), 


AL WERACTS OOS, 


Ag for water works, tho ininimum rain-fall of a 
district should be ealeulated upon, so the maximum 
full nust be considered in. sewerage and drainage, 
We Inve already shown, page 306, tut for a popu 
lation of 80 persons per statute aere, tnd a dis- 
charge of two-lifths of an inch in  cight hours, 
sewers should be calculated to discharge about.8} 
eubie fect per minute, the rain supply being about 
seven times the house supply, or sewage, ineluding 
house water.supply. Instances are quoted in which 
the discharge, after a heavy rain-fall, amounted to 
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904 cubic foot por minute per acro, ag in the Savoy- 
stroct sewor, which of course was principally str 
face water, as the sewage of 80 persons ab 7 cubic 
foot per person, one-half of which, if discharged in 
7 








== 85 cubie fect 


fo 3 


eight hours, would only be ua 





Hi) 
per hour, or gg = ‘69 foot nearly per minute, which 


is only about the thirty-third part of 204 fect. In 
other words, the storm waters were thirty-three times 
the amount of houso sewage. It would be waste to 
provide drainage for so much surfaco water con- 
sidered in itself, whore it can be passed off from 
the surface channels. Bub sewago is not water, 
and ib is essential, in the greater number of cases, 
that sewers should bo flushed occasionally, It is 
absurd to enleulate the sizo of sewers, as if the 
sewage mattor wero thoroughly diluted or passed 
off liko wator, In fact, the sowage in part lies at 
tho bottoni of the sewer, or is deposited there in 
nine cases ot of ton, whilo the house supply of 
water passes on and escapes over it, removing only 
diluted and detached portions, It ts, therefore, of 
importaned, ‘whére artificial flushing and cleansing 
oub are not provided, that storm waters should oc 
casionully pass through and flush a system of sewers, 
partienlarly tho main or arterial lines, An enginear 
must be guided, in calculating the dimensions, &e., 
of main sewers, by the circumstances of cach case, 
Tho inclinations to be obtained, the form of the 
bottom or invert, the rain-fall, the amount of sewage 


which will not affect the size to any considerable 
28 ° 


Ww 
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extent, the material and the cost consistent wilh 
permanency. 

The discharging power of a water channel is more 
than doubled by increasing ils dimensions by one. 
third; and it ig increased in the proportion of 5:7 to 
1 by doubling the dimensions. By giving four Limes 
the fall, the same channel will only double tho 
discharge. Now'a pipe 2 fect in diamotor with o 
fall of 1 in 200, would discharge fully 1000 cubic 
feet of water flowing full with a velocity of 6:4: Sect 
per second: at 34cubic feet per minute per acre, for 
a population of 80 to the acre, the thoroughly diluted 
sewage of 280 acres would be passed off by one such 
pipe; that is, the sewage from 20,400 persons, on 
280 acres, and also two-fifths of an inch of rain 


‘falling for eight hours, can be conveyed hy a 2 


feet pipe, with a fall of 1 in 200. But as this rain 
supply is about seven times the house supply, passing 
24 feet off per person in cight hours, made up of 
feces and used-up water supply. Jt is apparent 
that such a pipe would convey about cight times the 
sewage alone of the district, if flowing as water; Dnt, 
under any circumstances, would be abundantly large 
for the duty, even when assuming the whole quantity 


‘to pass in at the upper end, For a fall of 1 in $00, 


two such pipes would be required, or ono pipe 32 
inches in diameter; for a fall of 1 in 3200, four 2 
‘feet pipes would be required, or ono pipe 38 feet 6 
inches, 

House drains should not be less than 6 inches in 
diameter, and should have facilities for being cleaned, 
either by using half-flange joints, or by having a 
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moveable upper scement, The inclination for these 
drains should be uniform, but the amount is not so 
important as some appear to think, if proper provi- 
sion bo made for cleaning. Where flushing is used, 
cast-iron pipes are the best, but they are also the 
most expensive. House drains. of brick with a v 
tile bottom covered with flags or bricks are perhaps 
the best, as the capacity can be considerably aug- 
mented by adding to the height of the sides, and they 
can Io at all times casily opencd and cleaned. If 
inclinations from 1 in 50 to 1 in 20 can be had, so 
much the better. The following items as to cost 
have been sclected from the Builder :— 


GUBT OV BEWENS, NEWPORT, MONMOUTITBIORE, 
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COBY OF SEWERS AND PIPES IN PRESTON. 


The following extract from the recently published 
summary of public works executed during the year 
ening April 30th, 1859, contains some useful infor- 


mation :— 
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BATIMATE FOU SEWER AT TRITON, 
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The following estimates have beon mado for lay- 
ing pipes at Tottenham, not including their cost :— 


Diamelor 


a 
6 84d. 

9 Odd. 

WW W4d. 


Dopth 
8 foot, 


Ld, 
Ldgad, 
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Tho cost of laying alone at St 


was— 


Dopth 
10 foot. 


12d. 
164d, 
LOM 


Thomas’s, Exeter, 
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6 inch pipes 5d. por foot tineal 5 to 4 feet deap. 


0 bd, Eph » 8 to 4 foot deop. 
Woy ad, »  feot deop, 
16 ” (ul, i § foot deop, 
. 18 i Wd. _ 5 feot deep, 


Qd, por foot lineal for rolayiny pitching ; 4d. for maendamized 
vouds; and Od, for pavoments, ‘ 

_ The author has constructed a large quantity 
of main sewers, from 18 inches to 2 feet and 2 
fect 6 inches wide, and 4 fect 6 inches high; the 
sido walls builé with rubble masonry, 9-inch seg- 
ment inverts laid with 44-inch courses in cement ; 
the top sometimes flagged, when flags of sulflicient 
length could be procured, and sometimes arched 
with rough rubble arches. ‘The invert was laid 
on, well bedded, well rammed, rubble to prevent. 
subsidence, and preserve the bottom inclination 
uniform. Tho cost, at an, average depth of about 
9 fect, was 9s. per running foot, the side walls: 
being about 18 inches thick, Upright side walls, 
whero rubblo is cheap, havo many advantages 
in giving a considerable increaso of capacity for a 
small outlay. The tenement and house drains were 
of carthenware pipes, Cast-iron gully grates and 
traps, weighing 3 ewt., cost 30s, each; the grate 
fastencd. by & wrought-iron chain. 

The following regulations have been laid down 
for Cambridge and Carlisle +— 


STIPULATIONS I’OR CAMBRIDGE DRAINAGE. 


« Wator from tho rear of promises should not be conveyed to 


the front under the basement floor, 
 Rain-wator from tho roofs should not bo conveyod into the 


basomont, but conducted into the sewor by shallow drains, 
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.* Cast-iron pipes may be used for basoment drains in somo 
“instances. 

“The scullery sink should bo kept as high as possible, and 
approached by a step. A flap trap should bo fixed between tho 
sink and sewer. 

“ There should be no wator-closct on the basoment Moor ; if it 
cannot be arranged elsewhere, the soil-pipe should have w flap 
trap, or similar contrivance, to provont the influx of sewage 
water.” 


FOR CARLISLE DRAINAGE, 


“Srreunarton 1—If water-closets are to be generally used, | 
the description of such to be sanctioned by the Board, tho sino 
to be fixed to the satisfaction of the Surveyor, 

“ 2.—All down-spouts to be conneetod with tho sewers whore 
it may be-proper to connect the same; in all ensos where thoy 
are not connected with the sewer they nre to be connected with 
the channel, 

«3.—All stench traps to be similar to samples farnished by 
the Surveyor, or others approved by him, and proporly fixed to 
his satisfaction. 

“ 4,—All sewers to water-closets not to be less than six jiehes 
tliameter. 

“ §,—All sewers to yards, stables, kitchens, and seullerios, not 
to be less than four inches diameter. : 

« §,~In every ease the wholo of tho fill to be mado aynilable 
from the junction with the main sowor to the ond of the privale 
drain, that is to say, only one inclination to bo used from tho 
junction with the public sewer to the end of the privato drain; 
and all branches from the private drain to sinks, water-clasats, | 
&e,, to have one inclination from tho junction of sueh drain, 
None of the above instructions to be doparted from without tho 
express sanction of the Surveyor, 

“7,—Jn no case must a private drain be put im with a less fill 
than one in fifty, without the sanction of the Surveyor, 

“ 8.—No pipes, water-closets, stench traps, gullies, Ikitehen 
sinks, bends, junction or tnpering pipes, to bo used without 
being approved by the Surveyor. 

«Q.—All ash pits and dung depéts to be raised to the level of 
the adjoining ground, to be properly paved and drained ns tho 
Surveyor may direct, : 
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“i —~ANL huildinga, outhouses, &e., to ho properly spouted, 


mul tho water conveyad into the sewers whore approved of by the - 


Survoyor.” 


THOROUGH LAND DRAINAGE, 


The following instructions and general specifica- 
lions, have been prepared by the Commissioners of 
Public Works in Ircland, for the use of the District 
Inspectors, and persons reporting on thorough- 
drainage. ‘The drains are made in general parallel, 
and to suit the fall of the ground, The depths must 
alter in order that the bottoms should have an un- 
interrupted fall, and may vary from 2 feet to 4 fect 
6 inches in practice, averaging, say about 38 fect 
6 inches, bub dependent on circumstances. ‘The 
portions printed in italics are from specifications 
prepared by officers of the Board, and are varied 
according to cach particulat case :— 


GENERAL OBSERVATIONS, 


No drainage works should bo undortakon until it has been 
cloarly ascortained that tho gurfaeo lovel of the maximum floods 
in the main drain can be dischargod at a lovel that will admit of 
tho submain drains venting the waters from the lowest point of the 
Innds proposod to bo thorough-drained, at a level sufficiently below 
tho surfice of such dand, that the highost floods shall not prevent 
the frao dischargo of such submain. 

“Whon sufficient out-lall can bo obtained, no open main drain 
should bo of e loss depth than fivo foot, and in all cases a greater 
dopth is dosirablo, in order to insure a permanent end efficient 
druinaga, and at the samo timo to prevent cattle, ¢e., from 
erousings : 

“Ag it has boon found by practical exporiments on different 
yarlutiog of soils, that deep drains, say from four to five feet deep, 
mo more effective then shallow ones: they should always be 
gstimated for, whon the opon-main drains admit of their being 


% 
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out to that depth, or whon, by a moderate outlay por nero, tho 
minin dias ean be cut to a suflicival depres the distances bee 
fiveon the paratlol drains must necessarily vary with the toxturg 
of tho soil-forly foot may be takou adv gonoral rule, 


OPEN MAIN DILAINS. 


Min dyains shonldt have radionts of such inclination, and 
bo sunk to a depth that will admit of the above slipulations, ag 
to the discharge of the subamin dming boing envried out, Thoy 
shoald have suelt width at bottom and stile slopes as may be 
necossiry ; and be free of sharp angles, projecting: stones, and 
other impediments to the quiek discharge of tha wators, 

“Bho spoil or matorin! raised ins sinking: und improving tho 
dvaing, whore not available for fitting up uxeloss: holes or drains, 
shoull bo removed tow proper distance from the odgo of the 
nin draing, anid dvessed off inn workmanlike manner, 

“Pho abutments and pierd of such bridges as have suilictont 
Drondth of watersvay, should, if nocessery, bo envofally under 
pinned; aud thoxe bridges which aro insutlicient to discharge 
flaads, should ho tukon down aud vobuilt af auitablo dimensions, 


GOVERNED MAIN TATNHS 


* Whenever, from tho nature of tho lands, tho axtoné of the 
istrict mnder drainyyo, and the quantity of water to bo voided, 
ibimay bo vevosnary to form covered main drains to rocoive the 
wator dikeharged from tho submaing, thoi dimensions must bo 
proportional to the mmonnt of water to be voided, woll flagged or 
peved at bottom, tho sides buill of stono or brick, and covered 
with w flag: or arolt at lop, i 


KHUDMAINA, 


"Tho submaing to bo of such depth ind width ab top and bot- 
tom na may bo necessary, "Mio fill i onch to he as groat as the 
above-deseribod nmin drainage of tho district will allow, and not 
to bo allowed (o ran beyond a suitable length without discharging 
itsoll’ into a covered or open main drain. 
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THE MINOR DRAINS 


«To bo of such depth, width xt top and bottom, and at such 
distanco apart, as will seenvo the porfuet drainage of the land, to 
bo run in a straight dircetion parallel to oneh other, direetly up 
and down tho doclivily, unless where tho doclivity happons to be 
vory stoop, and thon to be curviod aeross tho fall at such an angle 
ag to secure a freo dikcharge for the wator, ‘The fall in oach 
minor drain to bo as great as the main drainage and submain 
drainngo, previously dosevibed, will admit. 

“In filling in the stones, grent enro should bo taken that the 
bottom of the drain bo clean, aud that no clay or dirt be put in 
with thom ; a sod, grass side down, or e fow inches of tough clay, 
to bo placod on tho surftes of the stonos, and trodden firmly, 
Tho drain should thon be filed up with the stu previously sho- 
volled out, observing to keep tho aetive soil for the top, ‘Lhe 
putting in of the stones to he commoneed at the highest part or 
hend of the drain, 

In using draining pipos or other tiles, caro should bo taken 
that they ho Inid firmly on tho bottom for thoir ontire length, so 
as to provent thom boing deranged hy the filling of the drain, and 
that the points he fitted as closely together as possible, , 

«Tn casos of unfavourably ground, caused by running sand or 
othorwise, whereby the level of tho conduit might be doranged, 
collared pipo tiles offer considerable advantages in the way of 
romady, 

“ Whon gripes may bo necessary on tho sidos of farm roads, 
thoy should bo on the field side of tho foncos.” 


SPRCIVIGATION OR MAIN DRAINAGE, 


OPEN MAIN DRAINS. 


“Tho deoponing and improving of tho main drain, No, ——, 
is to ho commonced at the point —— on the accompanying map, 
and from thonce a geadient earriod up to the point ——, having 
an inclination of ab lonsl —-— foot por sintate milo, and-sunk to 
the dopth of feet. It shall bo Seot wide at bottom, and 
the side slopes shall avorago —— ab least, unloss in rock cutting, 
whon tho side slopes may bo diminishod to six inches to one foot; 
all sharp angles, projecting stones, and other impediments to the 
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froo dischaygo of the water, must bo cavefilly romovod, Tho 
apoil or matorind vaised in xinkinyy end intprovings the deain, when 
nob mediately used for lup-dvossing: tho adjoining lands, or fop 
fing useless holes ar drting, ix to be removed to a distance of 
——— foot from tho odgo of tho minin drain, and drossed off ina 
workmuulilke mannar, 

— £Rho bridyo marked at tho point --+- on the Accompanying 
map to he ——, 

“Tho whola to be executed ina propor and workmantike maumor, 
and tho works to bo maintained in good order for so long as amy 
jutevest shall be payable for tho money advanced on aceount of its 
execution,” : 


SPECIPIOALTION VOR THOROUCIT-DRAINAGE 
(WITTE UPTEAGS), 


GOVEIED MAIN DRAINH, 


“Those shalt ho ent fifty-four inclos deap, thirty-ste inches wide 
at top, Geenty-four inchos wide wh bottom; the materials used in 
them shall ba doutle raw of Ueree-inch pipe tiles, ‘ 

“he side walls shall boo inches in height, ——~ inches 
thick, and well =~. l bottom. ‘hey shall be covered with a 
flag not less tim ——— in thiekness, 


HUBMAINA, 


“Those shall be eut fifty inehon deep, dirty inches wide at top, 
eighteen inehos wide at bottom. ‘Chey shall be aarricd along the 
low side of (ho fiokls, or portions of lind to bo deained, at a dis 
dames from the foneo of fiftem foot, nid throngh matiwal hollows 
where necessary, No subnuin to be allowed to ran beyond # 
longth of deo wndred yards without discharging itvelf into « 
coyorad or opor mitin drat, 


MISOM VHATNE, 


«Those shall be cut forty-eight iichos deep, siateon inelad wide at 
top, five tuches wide nt bottom, and at a distance of forty foet 
apart, ‘Chey shalt bo run in a sivaight direction, parallel to euch 
othor, dirostly up and down tho declivity (whon possible), No 
minor drain to be allowed to vin beyond a longth of two hundred 
yords without discharging itsolf into a submuain, 
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VInLING IN. 


« Alldhe drains (av a lange number of thom) having been opencd 
and oul ine workmanlike mannor, and it boing ascertained that 
no wator is standing in any af them, the (ing in may be com- 


monced, 
MINOR DRATNA, 


Tnto oach minor drain shall ho pnt pipe tiles twelve inchos in 
length, oneand-ahalf inch in the ope, for ona lamdred yards, com- 
moncing from the uppor ond of the drain, and pipe tilos twelve 
inches in longth, onecnd-three-guerter inch in tho ope, in-con- 
tinualion from thoneo to tho submaing. 


BUBMAINH. 


«Tnto cach submain shall he put pipe tiles deelve inches in length, 
two inchos in tho opo, for ene hwidred yrds, commencing from tho 
uppor ond of tho drain, und pine tiles dvelve inghos in length, tres 
inches in the opo, in continuation fo the end or point where thoy 
discharge thomsolyes, i 


GENERAL RULES, 


4 All Wlos to bo of good sound material, and woll burned, The 
tiles shall bo laid firmly on the bottoms of the drains for their 
entire longth; tho joints fitted as elosely a4 possible, thay shall 
bo carefully eovercdl with a (hin grassy sod or screen, The stuf pro- 
viously taken out of tho drains shall then bo returned, observing 
to keap the netive soil appermost, 

“Tho mouths, of tho covered iain or submain drains shall be 
built about with solid masonry set. in mortar, carried up with the 
sume slopo ux tho,kides of the open main drain, into which thoy 
disehinge Lhomselyos, 

© Before laying the tilos, groat caro must be taken that tho 
bottom of the drains bo clean, ‘Lhe putting in of the tilos to be 
commonved at the highest point or hoad of the drains, 

“Jy caso of an entivo field haing thorough-drained, a drain 
shall ho cut at the lop of it, parallel to the fenco, end running at 
a distance fiom it equal to ono-lall of the distance between cach 
of tho minor drains, into one or more of which (xs may be necos- 
sary) ib sball dischuryo itself, ‘The remainder of tho minor 
drains to bo discontinued at a distance from this drain oqual to 
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one-half tho ontiva ditenea botween cach of (he minor draing: 
this drain to bo of the same dimensions, nnd fled with tho sins 
mutlerids, and in dike mannar, as tho whove deseribad, 

“No opon drnia shall ran into a elosed one. 

Ta passing through unfivourable ground, enused by running 
sod ar othouwixe, whereby Cho level of the conduit might bo de- 
ranged, wad whore pipo tiles aro Che matevialy ised for forming 
the condnit, collara must be.used, go as lo connect the onds of the 
tiles, and they must be fittod ax closely ay possible, 

“ Solos must, ia all casos, be used whon laying single D tiles, 
and they must bo so nid that the enda of tho tiles shall rest 
equally on them; when invertad 1) tiles ave used, they shall also 
bo connectad from ond to ond hy plicing: one-half of tho Uppor 
tiles on oneluul€ of tha adjoinitus tiles holaw them, 

«The whole to be executed tion propor and workmantike 
mannor; wut tho work to be muiutained in dike goad ordor as 
whon approved of al its complotion, for so Jong as any intorest 
shall bo. paynbte for tha money advanced on aecount of its 
oxootttion.” (Collars for tyr ta deinah pipes can be had at dhe Morence 
Court Lilery.), 

SPUGIVIOANION FOR USHWOROUGH-DRAINAGE (WITH 
BROKEN STONES), 


OOYRRED MATIN DUAING 


© Thoso shall bo out /orty-tea inchos deap, dirty inchos wide 
at lop, tventy,funr inchos wide ab botlom; the mntovials usod in 


them shall ho -——, 

“Tho side walls in Chom shall be twelve inehos in height, six 
inches thick, att woll -—-- at bottom, ‘hoy shall bo eovored 
with —. 





SUIMATINA, 


«Theso shall ho out forty-two inchox dcop, eighteen inches 
wid vb tap, fourteen inches wide wt hottom. ‘Choy shall bo cae: 
vied along the Jow side of the fields, or portions of land to bo 
drained, ab n distaneo from tho foncos of dedrteen feet, and 
through natn hollows, whera necessary, No submain to bo 
allowed lo run beyond tho longth of ane Aadred and fifty yards, 
without discharging itself inte @ covered ov apon main duqia, 
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MINOR DRAUNE, 


Those shall bo cut thirty-six inches deop, fifteen inches wide 
at top, four inehos wide at botiom, and at a distance of twonty- 
sia feot apart, ‘hoy shall bo run in a straight direction, parallol 
toonch othor, directly up and down tho declivity (when péssible), 
No minor drain to be allowed to run beyond a longth of two 
hundved yrds without discharging itsolf into a submein, 


VITLING IN." 


All tho dvaing (or a largo numbor of thom) having been 
oponod and cut in a workmantiko manner, and it being ascortained 
that no wator is atonding in any of thom, tho filling in may be 
commenced, 


MINOR DRAINS. 


“Into onch minor drain shall bo put ten inches of broken 
atonas in depth, tho stones having been brokon to a sizo’not ex- 
cooding two-and-t-half inchos in dinmoter, Groat caro should be 
takon thet tho bottom of tho drain bo cloan, and that no elay or. 
dirt bo put in atony with tho stones; a sod (or clay, as may bo 
convoniont) direa inchos thick shall bo placed carefully on top, 
and tho wholo trampled upon or rammed hard. 'Lho drain shall 
thon bo filled up with the stuff proviously shovolled out, ob- 
sorving Lo koop tho active soil for covering tho top, ‘The putting 
in of tho stones shull invariably bo commonecd at tho highest 
part or hoad of tho drain, 


FILLING IN SUBMAINS. 

“Tn onch submain w conduit shall bo formed of siw inches in 
hoight, four inchos wido, and tho filling in comploted as above 
described, 

GENERAL RULES. 


“Tho mouths of the covered main or submain drains shall be 
built about with solid masonry sot in mortar, carried up with the 
same slope as tho sidas of the open main drain into which they 
discharge themuclyes. 

'“ Before filling in tho stones, great caro must be tnkon that the 
hottom of tho drains be clean, and that no clay or dirt bo put in 
AA 
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. along with them. ‘The putting in of the stonos to bo commeoneed 
‘at the highest part or head of tho drains. 

“Tn case of an entire field being thorough-drained, a drain 
shall be cut at the top of it, parallel to tho fonce, and running 
‘at a distance from it. equal to ono-half tho distance botween cach 
of the mixior drains, into ono or more of whiel (18 may bo 
necessary) it shall discharge itsolf. ‘he remainder of tho minor 
drains to be discontinued at a distanco from this drain, equal to 
‘one-half tho entire distance botwoen onch of tho minor drains; 
this drain to be of the samo dimensions, to bo filled with the 
same immaterial, and in like manner, as tho above described. 

“ No open drain shall run into a closed one, 

“© The whole to be executed in a proper and workmanlike man- 
ner, and tho work to be maintained in like good ordor as whon 
approved of at its completion, for so long as any interest shall be 
payable for the money advanced on recount of its oxocution.” 


One- of the officers of the Commissioners of Public 
Works, Ireland; the Inspector of Drainage for Ros.. 
common, @ gentleman residing in that county, writes 
to me as follows, with reference to tile and broken 
stone drains on the carboniferous formation :— 

“ With respect to tile drainage my experionec has 
not been very extensive, as the proprictors of tho dis. 
trict, with scarcely any: exception, give a decided 
preference to broken stones; but from what I have 
seen, I am very much inclined to prefer good well- 
burnt pipes to any other draining material, provided 
that collars be used, but not otherwise, As to tho 
best diameters, I have found the 12” collared pipes 
of the Clonbrock Tile Works (now closed) very satis- 
factory ; but when the length of minor drains ox- 
ceeded 100 yards,.I should like. an increase to 14 or 
i}. For submains (say 1560 or 180 yards long) I 
have recommended pipes of 2 inches, 22, and 3 
inches in succession, all of which were to be had 
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with collars: if 4-inch pipes. wero to be had with 
collars, I should have recommended longer submains, 
The larger-sized pipes are not provided with collars‘ 
in our present tilerics, and on this account I generally 
pué a note on the margin of the printed form, sug- 
gesting that a stone duet of the ordinary size of 
submain, say 6 inches in height and 4 inches wide, 
be substituted for the tile filling. ° . : 
“ T decidedly prefer an open duct to broken stone 
filing ; and in nine-tenths of my own drainage I. 
have made the minor drains on the same. plan as ‘the 
submain, with an open stone conduit ; the only differ. 
cnee being, that the minor drains are a few inches 
shallower, with a smaller duct. The increase of 
expense is a mere trifle, and when the substratum (as 
very frequently occurs here) is a fine calcareous gravel, 
containing 40 to 60 per cent. carbonate of lime, the 
additional spoil is a very cheap fertilizer for the land. 
With respeet to depths and distanees apart, the 
two most commonly used_in my specification are 
34 feet deep, 33 fect apart —and 4 fect deep, 42 
fect apart. These arrangements will not suit all 
esos, and I yary accordingly, Thus, in one case 
of exceedingly fotentive land of peculiar texture, 
4 foet drains, 27 feet apart, produced the required 
rosult, while in another, 34 feet drains, 66 feet apart, 
effected all that was required. In the latter case 
there was a mixed soil, which might be described 
as “half wet ;’ yet the water lingered sufficiently 
long to make the land unsound for sheep, and greatly 
to injure the crops in quality as well as quantity.” 
Mx. Josinh Parkes says, in 1843 :—* Experiment 
AAB8 
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and exporionce have rapidly indueod the adoption. 
of a system of parallel drains, considerably deoper, 
and less froqnent, than those commonly advocated 
by professed dvainers, or in general use. I gaye 
soveral instanees of this prvcties in Kont in the 
Report of last. your, 1818, wready alluded to, and 
it ia rapidly extending, My, Tfunmmond stated to 
you thitt ho drained stil clays 2 feat deep, and 24 
fect botween tho drains, at £3 ds. 8d. per acre, 
and porous soils 3 feet doop, 334 foot asunder, at 
£2 Gs. Ad. por acre? Tonow find him continuing 
his drainage at 4 feet deep, wherever ho can obtain 
tho outfall, from a conviction founded on the ox- 
perience of a enutious progressive practico as to the 
depth and distance, that depth consists with economy 
of ontlay as well as with superior effect To has 
found 4-fect drains to he efficient, ab 60 fect asunder, 
in soils of varied toxturo—not wiilorm clays—and 
oxonttes them at a cost of aboub £2 6s, per acre, 
boing 18s, 4. for 871 pipos, and LL Gs, Ged. for 
63 rods of digging, Comminieations havo been 
recently mado to me by several respectable Kentish 
farmers, of the satisfnclory performance of drains 
deeply laid in the Werld clays, ab cistanees ranging 
from 80 lo 40 feet, bub I have not had the oppor 
tunity of personally inspecting these drainages, 
“Tho following little table shows tho actual and 
respective cost of the above three cases of under 
draining, calowated on tho effects really produced, 
that is, on tho masses of carth effectively relieved 
of their surplus water at an equnl expense. I con- 
ecive this to be tho truo expression of the work 
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done, as & moro statement of tho cost of drainage 
per acre of surfaco conveys bat an imperfect, in- 
decd © very erroneous, idea of tho substantive and 
useful expenditure on any particnlar system. ‘This 
will bo apparent on reference to tho two last columns 
of the table, which give the cost in cubic yards and 
square yards of soil drained for one penny, at the 
above mentioned prices, depths, and distances, 


. 


Mnsa of sof] Surfaco of soil 

a 

Dopth af drat | cee | aed Mor atio,} atined forano | deained for aua 
1] penny, in cubto | pemy, fu equare 


in foot. “ a , 
dvninn, in foot. | In cnblo yardy, yordn, ‘yavda, 





2 82204 41 O27" 
3 4810 88 803 
4 463 1200° 8:00 





“I may here observe, that Mr. Hammond, when 
draining tenacious clays, chooses the moath of 
February for the work, when he lays his pipes 
(just covering them with clay. to prevent crumbs 
from golting in), and leaves. tho tronchos open 
through March, if it be drying weather, by which 
means ho finds the cracking of the soil much accele- 
rated, and the complete action of the drains ad- 
vanced a full season. ‘Tho process of cracking may, 
doubtless, be hastencd both by a, choice of the 
period of the year in which drains: are made, and 
by such a management of the surface as to expose 
it to the full Loree of atmospheric evaporation.” 

With reference to drains, wo have known @ case 
in the Queen’s County in which inch pipes had to 
be taken up, and pipos of 24-inch bore substituted. 
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The drains were 40 feet apart, and 4 fect deep, and 
the pipes had collars. ‘he minor drains should 
discharge into submains at convenient distances, 
say 100 yards, on flat grounds, Small pipes will 
choke unless the velocity in them be sullicient to 
carry off deposits, and the diameters should vary 
according to the inclinations of the ground, and 
distance apart of the drains. 

Mr. Mechi, in 1844, lays down the following 
rules :— ; 

“1st,—That it is not the size or form of the drains 
that regulate perfect drainage; but the depth at 
which they are placed. The depth also governs the 
distances at which the drains should be cut accord- 
ing,to the quality of the soil. 

“ Qnd.—The pipes of 1-inch bore, without stones, 
are amply sufficient, placed at 4 feet deep and 30 
feet wide in dense soils, and the same depth and 50 
feet wide in mixed soils. 

“8rd—The deep drains receive moro water than 
shallow ones, and consequently lay dry a greater 
extent of ground. 

“4th.—The deep drains begin and end running 
sooner than shallow ones, and carry off more water 
in a given time. ‘ 

“5th.—That where shallow drains are made and 
deep ones cut below them, the shallow ones no longer 
act, all the water passing to the deeper drains, 

“6th.—That when round stones are used as well ag 
pipes, the latter should always be placed at tho 
bottom, as I find, practically, water flows more 
quickly through pipes than amongst stones. 
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“ Rofore persons begin draining, would recommend 
thelr porusing attentively the facts developed by 
Mr. Parkes, at pages 39 and 4.0, and my remarks at 
page 86 of Letters on Agricultural Improvements. 

“Pipes made to socket into cach other (by Ford’s 


TADLAG showing a Return of the number of Acres thorough-drained 
in the years 1843 and 1844, by the different Competitors for 
Sir Richard O'Dounell’s Gold Medal, together with the Average 
Prices por Perch, and Cost por Acro respectively. (Givon in 
Reports to the Royal Agricultural Improvement Society of Ereland.) 





Numbar| Avornga { Avorago 





Competitors, Sree] of | price por | price por | Cost to the | ale af wagos 
cores Lehn] mg | Mato | tenants | yak or, 
AR OP Mw 
Marquoss of Watorford|bOL 2 16] 60,000) Md.in | 25 in | 6 por cont, “ 
182, 10- | 2842, va-| charged ta 
duced to [duced to! the rent, 
Gad. in [28 28, 8a, 
FA 185, | in 1885, 


Viscount ‘Tomplotown|h0t O 26) 54,851) dtd, j£1 1d 4/2500 0 0 “ 
Sie. O'Donnoll, Bartd65h 0 0) 63,478} dd. 1124] 408 6 0/80 day. 


Tho Marl of Caledon Jug 0 10/47,180) da, 2 06] 806 ON 1s ote 
day. 


Nad, | & 8B) 700 74)7d. Av doy 
in Winter, 
and 10d. in 
Summer. 


Tn We Napor, Haq. 6L 1 29) 





Tord Waynoy . «4201 2 80) 84,684! ba. 8120] 427180 ie to 1s, 8 
day, 
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TABLE showing a Return of the number of Acres thorough-drained 
by L’ropristors, for the Society's Gold Medal, and the Average 
Lrices por Porch and per Acro respectively. 
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The Warlof Meno , {110 0 37 


Tord) Dufferin and 
Clanbuya 6 5 {208 1 020,478) 1s, per day. 


Mossrs. Audrvows « Jl17 1 4/16,01d) ’ 18d. perday. 





Dy O'Noill . « «JUG 012). 7d. to Sdn 
3 day. 
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Patont Socketing Machine) are best adapted to looge 
_ or mixed soils,” 
- Pipes Inid, however, too near tho surface, are 
frequently choked with tho roots of plants, . The 
principal advantage of submains alongside open 
mains is, that the mouths of tho minor dyraing 
should not bo choked from vegetation, and that the 
water from them, flowing into and taken up by this 
submain, may be discharged by a few apertures 
anly, and thereby keop themselves open, or ag much 
so as tho nature of the caso will admit. The fore. 
going tables show tho cost por statute nore, in 
‘ Treland, of thorough-drainago, which must vary with 
circumstances, locality, and the yaluo of labour, 

The averago cost por statute acre for Sir Richard 
O’Donnell’s Gold Medal, was £3 6s, 7d, and 
£4, 13s, 10d, for tho Society’s Gold Medal ; average 
of both, €4 per statute acre nearly, 

The average munber of acres now annually im- 
proved in Treland, is about 6630, at an average cost 
per acro of £4: 17s, 

Tn Ivcland, thorough-drainage is almost generally 
carried out by loan, under the Commissioners of 
Public Works, and thero is no branch of the public 
service has given moro satisfaction to owners of pro- 
perty, Tho works are, wo believe, always executed 
within tho estimates, and the owner having the ex- 
penditure in his own hands, can satisfy himself of 
ils proper application, No loans aro made unless 
where immediately, or prospectively, a return of 
6% per cent, is estimated on the expenditure, a rent 
chargo for this amount being made for 22 years. 
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TABLE showing Uistimates of tho Quantities and General. Cost for 
the Thorough-Drainaga af a Statute steve of Land, with Broken 
Stones or ‘Liles, with the distances apart for different class sails, 













@ | Simon | canta y 
t { erate Culda yards por 
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ARTERTIAL DRATNAUH, 


Tho effect of thorough-drainage ow the arterial 
chamels of a district, is to dischargo tho rain-fall 
into the'main channels ine shorter timo than before, 
particularly during web seasons. ‘This frequently 
causes foods to rise higher as well ag more rapidly, 
During dry seasons tho supply is less, and so far, 
when it is limited, an injury is done lo the adjacent 
dialricis requiving if for use. Tho affect of ob- 
structions in the main chanel is to impound the 
upland water, sometimes mado nvyailble for water 
power or navigation purposes, bit in general, to tho 
injury of the drainage ‘of adjacent Jands, and tho 
regimen of the river, particularly in flat districts, 
The arterial ‘drainage in Ireland has effected a vast 
amount of good, hub up to T8683 the estimates appear 
to have been usully doubled ; the cstimates for 
eleven of theso works being £124,047, and tho, ox. 
ponditure, £298,632. ‘The avorage cost per acre, on 
the land improved by those projects, varied from 
£1 198, 8d. to £6 17s, Te, tho nveraga of tho 
olevon districts being £4 8s, which is about the 
average for chorough-drainage.* ' : 

Tho following table affords valuablo information. of 
tho cost of arterial drainage works in Treland: it 
is extracted from the Report of the Commissioners 
of Inguiry, presented to the Iouse of Commons 
June L6th, 1863, 


* Seo Parlinmontary Report, by Sir Richard GriMith, Sir 
W. Cubitt, nnd das. M, Rondel, dune 16th, 1858, 
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The abstract of St arterial drainage tuyards, made 
by tho Comnissioners of Pablie Works in Ireland, 
in 1864, gives for different years, 1849 to 1864— 





N tunhor of Jaan mntseat yaa, 

ane ue toatl lant my ing 
dlintriets, £ a 
12 districts 00,859" 0468 8 Q 
QT, 1, 58Q L670 816 7 
Ls? 27,400 18,707 417 8 
wy BTL ART 2,159 818 4 
2 4 40,810 8,278 6 00 
8 4 260,120 21,098 804 
Bd a 1,114,007 $8,501, 817 7 


‘Tho last line givos the goneral average, and shows 
that in these 84: districts, about 1 acre in. 18 is the 
avorago of flooded lands to tho catchment area, ox 
8 per cont, newly, 


eSHOLION XIV, 

WATHR AND TORS VOWRR.-PUIOTION BRAKK, OR DYNAMO- 
MATER, --- OATLOULATION Ob TK RYEKOLIVN POWER OF 
WATER WHEELS~-OVERBILOT, UNDURSHOT, AND BREAST 
VERTIOAT, WHEEDS.—-HORTZONTAL WIKDLS AND TURBINES, 
—HYDRAULIO RAM,--WATHR ENGIN] 


Taking tho representative of a horse’s power at 
33,000 foot-pounds® or 33,000 Tbs, raised ono foot 


* 16,600 foot-pounds, or one half of the above, is much nearer 
tho avernge powor of a horse, workiug for LO hours only, as the 
work ix ordinarily dono through tho country; 88,000 Ibs, raised 
ono foot por minuto, is eqnivnlent to 884 tons, nowrly, raised one 
foot in an hour. > Vhereforo, a river diseluuging 884 tons, over & 
fall ono foot high in an hous, or 884 tons, over a fall 24 foot high 
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high in ono minuto, the theorctical horse-power of an 
overfall is oxpressed by tho fall in feet, multiplied by 
the discharge in cubic feeb por minute, tho product 
multiplied by 62) (the weight in Ibs. nearly, of a 
cubic foot of water), and divided by 33,000. The 
following table gives the woight in air of a cubic foot 
of puro water ab different temporatures, Fahrenheit’s 
thermometer, 


WEIGILE OF A OUBIO FOOT OF WATHR. 
Tho waight of 80 oubic feet of wator ix one ton, nearly, 
Welgut of 6 1 yempo. | Weluht of 0 | nono. | Welght at a 


Yompo~ 
anbla foot of |, culio font of cublo foot of 
wate’ TH) weaior Doundy | PAHO IO wvean. Pannde | PAtwee In | vitor,“ pounils 


degrees» | "Avolrdupuly, J MBE | OA Vateta pole, | LOgFCeR, FA votrtupots. 


82 OQ AGH 5 82° 8G5 02°278 
83 OL NTT (2 N68 62°272 
Bu OD NTE OQ 02° 26.4 
Os 6270 5 OR 3H6 02267 
86 O23 °880 O22 U2" 21) 
87 U2 Hab aD ‘d 62° 242 
ae OS HNt t G2 2H 
(wud 02° 226 
(IHW 2-247 
(aL 62208 
AHL 3 2° 100 
(13 HKO 42°10 
O23 870) " (2-181 
O2H7H Dae 02°172 
Unie 10s E 62102 
(2°78 “28 5 62: 162 
ora “202 62-142 
(ea “2H5 62°192 
O08 62:12 











The offective power of a fall depends on the nature, 


in 24 hours, hag also a horse power, ‘Che drainago of 10 square 
niles, with mn average collection of 12 inches annually of vain in 
dopth, will givo an annual unceasing one-horso powor for cach 
foot of fll in a reeciving channel; or five squaro miles will give 
tho samo result, if the collection amounts to 24 inches in depth. 
The collection of 10 square miles, ono foot deep, yearly, is nearly 
oqtal to tho doliyory of 880 cubic feat per minute, for the same 


poriod, 
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proportions, ‘and construction of tho wheel op 
machine, and also upon the manner in which the 
theoretiont power is applic, When tho velocity of 
a stream acting on a wheel ouly is Known, the theo- 
votical head, 4, duo to ib ts found in feet from the 
formula A = 0156 04, » being the volocity in feet por 
second, ; 

Zn order to gauge the quantity of water applied to 
a wheel, at thereby determine with acenracy its 
ellective power, the water used must be passed 
through a notch, orifice, or over a weir, the coellicients 
for which had been previously ascertained from oxpe- 
yimentk. Greater accuracy can be obtained from 
gangings through thin plates, or planks having the 
downstream arrises chamfered, than with any other 
form of orifice ov notch ; and whon it can be effected, 
tho channel above should be sulliciently cnlarged to 
prevent the effects of an approaching current. We 
have already in the body of this worl diyel6 in detail 
on the various formule required for gauging under 
difforent ciretiistanees, The aceuracy of the results 
showing tho effective powers of wheels depends in 
the firs place, on the weouracy of the gaugings or 
estimates of the quantity of water aged, and noxt on 
the fall employed, 


PRIGLION BRAKK, OR DYNAMOMDTER, 

The power applied to a vevolving shaft through a 
water wheel of any construction, is the weight of 
water multiplied by the fall. It is ovident that the 
portion of this power available to tum a shaft and 
machinery, or the effective power, must depend on 
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the construction of the. wheel, as a portion of the 
theoretical power is lost mechanically, in applying it; 
in changes of direetion, friction, eddies, and discharg- 
ing currents,’ Tho greater the sifaotive power con- 
yoyed to a shalt, the greater becomes tho power of 
the wheel, or medium through which tho original 
power is transmitted, ‘The mechanical effect produced 
bya revolving shaft is best measured by a friction 
‘brake, the principle of which is as follows. In 
diagram 1, Tig, 44, let the friction pulley aa be 


Fra, 44, 
YUICTION BRAKE 























firmly fixed to the evolve shaft or axis of the wheel ; 
Rand u, two wooden clamps grasping the friction 
pully hy means of the serew bolts, delineated, which 
can be tightened on the axis, and also to the arm F, 
by means of guilable nuts. The moro tightly :the 
bolts are serewed, the greater will be tho friction 
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between the frietion pulluy AA, and. the clamping 
pieces Ex, Tf, while the axix nud friction pulley AA, 
are revolving in the direction indigated by the urow, 
a weight bo applied in the seale att, so that the arm 
¥ shall not be carried round, bub remain fixed ; it ig 
clow that the work done hy the vovolving shaft in 
one revolution, will be measured by the ciroumforence 
of tho friction pulley, multiplied by tho friction duo 
to the pressuro on it, or by its equivalent, the woight 
in tho seale 1, multiplied by the circumference of a 
. circlo whose radius is r, ov by 21 x 814169 x w, in 
which expression aw is the weight in lbs. in. the 
sealo 4 Tf % be the number of revolutions in a 
given time, say one minute, we shall therefore have 
the useful effect of the wheol on the shaft in foot. 
pounds per minule, equal to 

Qux¥ BLAIOD ve 0 XM 
Wo hove also the power of tho water acting on the 
wheel, equal to 

AXVX O237, 

in which Ais Uhe head and p tho discluvee in eubte 
feet per minute; therefore, wo shall have for the ratio 
of tho effect to the power tho expression 
2% BLT GD sq 2 x ot. 

AK YK Gy37 

If tho revolving shaft be horizontal, the weight of 

tho arm vy, acting at its centro of gvavilty and reduced 
to the length 1, where the weight w is susponded, will 
have to be included in the weight w, If the weight 
w he suspended at the end of a connexion of levers, 
or other mechanical powers, the length 1 will have to 
be determined accordingly.  Dingram 2, Fig. 44, 
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shows tho Armatrong-brake ; Diagrain 3, the common 
form; and Diagram 4, Heen’s brake, 
"Tig. 45, is a gonoral representation of the brake 


Vira 6, 






DYNAMOM ETHIE FO DETERMINING TUE UREEOD BEL 
VHEMON'T CULBINTS 
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used by l’rancis, in the Lowell experiments, ‘The 
length of the arm of the brake 1, was 9-745 feet; 


the length of the verticnl arm 7Z of the bell crank 4:5 
BB 
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foot; and the length of the horizontal am 26 feat, 
Tho following detailed description is by Francis — 

“The Kyriction Paley a is of cast-iron, 5-5 feet in 
diameter, two feet wide on the fice, und three inches 
thick, ft is attached to the vertieal shaft by the 
spider 2, tho hab of which oceupies the place on the 
shaft intended for the bevel eu, 

‘The friction pulley lis, cast ou its interior cireum- 
forenee, six lugs, ad, corresponding Lo the six ‘arms 
of tho spider. ‘The bolt holes in the ends of the arms 
aro slightly clongated in the direction of the radius, 
for the purpose of Mowing the friction pulley to 
oxpand alittle as ib becomes houted, without throwing 
munch strain tpon the spider, When the spider and 
friction pulley aro at tho samo temporatare, tho ends: 
of the arms are in contact with the friction pulley, | 
Tho friction pulley was mado of great thiekness for’ 
two reasons, When tho pulley is heated, tho aris 
ccase to be in contact with the intovior cireumferance 
of the pulley, consequently thoy would not prevent 
tho pressure of the brake from altering tho form of 
the pulley, ‘This renders grout slilTness nocossary in 
tho pulloy itself, Again, it is found that a heavy 
friction pulley insures more regularity in tho motion, 
operating, in fact, asa (ly-wheol, in equalizing small 
inregulavitics, ‘ 

The brakes wand v ave of maple wood ; the two 
parts aro drawn together by the wronght-irvon bolts 
60, which are two inches square. 

« The bell crank v, carvies at one end the seale 1, and 
at the other the piston of the hydvaulic regulator x; 
this end carrics also the pointer 1, which indicates 
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the Jovol of the horizontal arm. The vertical arm is 
connected with the brake r, by the link a 

« The hydrantic regudator x, shown in the figures, is a 
very important addition to the Prony dynamometer, 
first sugzested to the author by My, Boyden, in 1844, 
Its office is to contvol and modify the violent shocks 
and irregularities, which usually oceur in the action 
of this valuable instrument, and are tho cause of some 
uncertainty in its indications. 

«Tho hydraulic regulator used in these experiments, 
consisted of the cast-iron cylinder x, about 1°5 feet 
in diametor, with a bottom of plank, which was 
strongly bolted to the capping stone of the wheel pit, 
as represented in figure 1, In this cylinder, moves 
the piston n, formed of plate-iron 0:5 inches thick, 
which is connected with the horizontal arm of the bell 

“erank by the piston rod o, Tho circumference of the 
* piston is rounded off, and its diamoter is about tr inch 
‘Jess than the dismoter of the interior of the cylinder. 
Tho action of the hydraulic regulator is as follows. 
“Tho cylinder should be nearly fled with water, or 
othor heavy inolastic fluid, In caso of any irregularity 
in the foree of the wheel, or in the friction of the 
brake, the tendency will be, either to raise or lower 
the weight, in cither case the weight cannot move, 
excopt with & corresponding movement of the piston. 
Tn conscqueneo of the inclasticity of the fluid, the 
piston can move only by the displacement of a portion 
of the fluid, whieh must evidently pass between the 
edve of the piston and the cylinder ; and the area of 
this space being very small, compared to the area, of 
the piston, the motion of the latter must be slow, 
; bus 
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giving time to alter tho tension of tho brake sorows 
before the piston has -moved far, Ié is plain that 
this arrangement must arrest all violent shocks, but, 
however violont and irregular they imay be, it is 
ovidont, that, if the mean foreo of them is greater in 
one direction than in the other, the piston must move 
in Che direetion of tha prepondovabing fore, tho 
rosistance fo a slow movement’ being vory slight, A 
small portion of the useful offeet of the turbine must. 
bo expended in this instrument, probably less, how- 
over, than in the rudo shocks tho brake would be 
subject to without ily uso, 

«or the purposo of ascortaining the velocity of 
tho wheel, a counter was attached to the top of the 
vortical shaft, so arranged, that a bell was struck at 
the end of every fifty revolutions of the wheel. ; 

“To lubricate the frietion pulley, and ab the same | 
time to keep it coal, water was lab on lo its surface 


in four jets, (wo of which ave shown, Those jots were | 


supplied from a large cistern, in the attio of the 
noighbouring ootton mill, kept {nll, during the work 
ing hours of the anill, by foreo pranps, ‘ho quantity 
of wator discharged by the four jets was, by a mean 
of tivo trials, 0°0288 cubic feet per second, , 

“Trimany of the experiments with heavy weights, 
and consequently slow velocities, oil was used to 
lubricate the brake, the water, during the oxperiment, 
boing shut off Tb is Cound, that, with a small 
quantity of oil, the friction between the Drake and 
the pulley is much greater Chan when the usual 
quantity of water is applied; consequently, the 
requisite tonsion of tho brake serews is much less 
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with the oil, as a Inbricator, than with water, This 
may not be the wholo causo of the phonomenon, but, 
whatever it may bo, tho caso of regulating in slow 
yolocitics is incomparably greater with. oil ag a 
lubricator, than with water applied in a quantity 
sufficient to keop the pulley cool, The oil was 
alowed to flow on in two fine continuous streams ; 
it did not, however, prevent the pulley from becoming 
heated sufficiently to decompose the oil, after running 
some time, which was distinctly indicated by the 
smoke and peculiar odour, When these indications 
bocame very apparent, the experiment was stopped, 
and water let on by the jets, until the pulloy was 
cooled, As the pulley became heated, the brake 
serows required to be gradually slackened, Water, 
 Jinseed ofl, and resin ofl, wore cach used for lubrica- 
tion.” ; 

. Vig. 46 ,is a ropresentation of a brake used by 
Professor ‘Thomson, at Crawford and Lindsay’s mill, 
fo dotormine tho power of a turbine put up there, 
by’ Mr, Gardner, of Armagh, One of. the common 
causes of the swinging or vibratory jumps of the arms 
r, in Tigs, 4, 46, and 46 is, that very often the 
friction pulley, or drum a, 4, must be made in two 
parts, so as to bo fixed to its place on the shaft. 
This fixing is liable to give an oval shape, and causes 
an irregular action with the clamps z,2, Oil gives 
avouter regularity of motion than water, but without 
the uso of tho latter abundantly, the friction pulley” 
would usitally get too much heated. The following 
calculations from practical operations will point out 
pretty clearly tho use of tho brake, and the manner 
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of determining the useful effect in the tablos of Oxpe 
rimonts, by Mrancis and ‘Thomson, pp. 383 and 399 


Mra, ag. 


PINCTION WAKE, URED AT CRA FOIE ANE LUCDHAYE ALL, TY CROPEEBON 
TANEY SHOMHON, TO DETEIUIINE HE POWER OF DUE CUMIN, 
























Longth of the brake, vu, Mig. 46, udjustod. 6 7d5 foot, 
Heetive longth ofvertionLaym fo. 6. a 
TeRoetive longth of horizontabyuwm fo Oy 


n 


Tho effective longth of tho brako was therefore 
» TAG 

oe ae 2% 10827778 [eats and the civeumference: 

of a cirelo of this radius = 10827778 % 814169 = 

68-0329 foot, 

“Tn tho first exporiment on the romont turbine, 
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page 893, the number of revolutions of the wheel per 

secon was ‘89871, and tho weight in tho scale 
1443:34 Ibs, ‘The useful effect of the brake wag 

therefore in foot-pomndlsy. por second 68-0829 x 

BO3TA X Tel 4, = 87680'3 Ibs, raised one foot per 
gecond, ‘The quantity of wator which passed the 
gauge-woir in cubic fect per second was 189-4206, 
gud the total fall acting on the wheol 12:864. feet ; 
therefore, tho total power of the wator acting on the. 
wheel was 12°864 % 139-4206 x 62°375=111870 feet. 
pounds por second, 62°375 being taken as the weight 
in Ibs, of w cubic foot of water ab 82° Fahrenheit. 
The ratio of tho useful effect, ab the given velocity of 
the wheel (viz, 460 revolutions in 503: seconds), to 
the power expended, is therefore eer = ‘784, of 
about 78% per cent, ‘Tho offect in the experiments 
gonorally appenrs to have been a maximum, when 
the velocity of tho interior circumference of the wheel 
was about 66 per cent, of the velocity due to the fall; 

and this was about half of tho maximum velocity, 

which was 1333 times that due to the fall alone, 

whon tho turbine was doing no work, 

In ‘Lhomson’s brake for determining the useful 
offect of the vortex turbine, erected from’ his designs 
at Ballysillan, Ivoland, n= 4 ft, 2 in, and the cir- 
eumlerence of a circle that would be described by the. 
arm 314159 x 8 feet 4 inches, = 26-18 fect, Tn the 
first oxperiment, taken from the tabulated results, 
page 8838, wo gel 26:18, the circumference multiplied 
by 46-81, the weight in Ibs. and the product by 
323-3, the mumber of revolutions per minute, equal 
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to 801,067 fool-pounds, for Che ofeet Cransmnitted 
fromthe turbine or work done, We lave also 3644, 
the muuber of cubic feet of water passed to the 
wheel por minuto, multiplied by 6237, the weight of 
aoubie foot of walor br Chis, mualipliod by 23°73 feet, 
the available fall equal to 624,620 toot-pounds 5 
therefore ee = 747 is tho useful effect, that in 
the table being ‘7481, which probably avoso from 
taking a diflerant weieht per enbic foot for the water, 
Of course the dillerence is inanaterial The dean 
ablached to the vortex, wheel shalt for Jixing the 
brake to, was in two parts, bolted together, and 
firmly enclosing the shalt, [was of cast-iron, 20 
inches dimuetor, and 8 inches wide; the shalt to 
which if was ablachod was 2i inches diameter, The 
arm of the brake was 6°4"x 6" x 4"}, of timber, and 
extending 4 foot 2 inches beyond tho contre of the 
shale wal dina. ‘Tho elunping pieces were about 
2 foot 6 inches long externally. 

Vor oversiow wunens the ratio of tho power to 
the effort may be tnken as 3 to 2, and therefore. the 
effective horse-power, (aking 33,000) foot-pounds 
peu minute as a studied, will he 40,600 Ths. of 
water falling one foot in one minute, * Pho maximum 
offeet. varies with the construction of the wheel. 
Smeaton found it 76 tines tho theoretical power ; 
Weishach °78 limes for the wheal of a Stamp Mill 
ak Frieberg, which was 23 feeb high, 8 feet wide, 
eurying 48 buckets.* ‘To find the effective horse- 

# Somo valuable experimonts on die power of watar wheols aro 


given: by Ronuia, in Werle’ Quarterly Papary of ‘Mngincoring, 
vol. vi, Mhoy however require reduction, 
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power, the theoretical horse-power must be here di- 
vided. by the coollicient of ‘effect +76 or *78, which will 
give 43,600 foot-ponnds, or 43,300 foot-pounds per 
minute, ‘Cho following experimental results from a 
model wheel ave by Smeaton, 


TABLIG containing the Lesult of Siateen Haperiments, on a Model 
Qvershot Wheel, by Smeaton. 
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In this tablo the effective power of the water 
must be reckoned upon the whole descent, because it 
must bo raised that height, in order to be in a 
condition of producing the samo effect a second time. 
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The ratios betveen the powers so estimated, and 
the effeets wb Ghe veciedaran, deduced from the goveral 
sels of experiments, ave exhibited at one view, in 
column 9, of Table TL; utd from henee it appears, 
that those ratios differ from that of LO to 76 to that 
af LO to 6-2, that is, nearly from 4 to 8 to 4 te Tn 
those experiments where the heads of water and 
qnantities expended are least, tho proportion is nearly 
as 4 lo 8, bat where the heads and quintities are 
vreatest, it approaches uearer bo that of 4 to 25 and 
by a medium of the whole, the ratio is that of 8 to 2, 
neatly, We have seen hofore, ih our observations 
upon the elects of undershot: wheels, that the general 
ratio of the power lo tho offect, whon greatest, was 8 
tol; the effect, therefore, of overshot wheels, under the 
same cirermstances of quantity and fall, is ata 
medium double to that of the undershot sy and, as a 
consequence thercaf, that non-clastic bodies, when acting 
by their tarplse or collision, counnunicate only a part 
of their ariginad power ¢ bho othor part heing spent 
in changing their figure, in consequence of the 
stroke, 

‘Tho powers of water, computed from the height of 
the wheel only, compared wilh Che olfects as in 
column 10, uppear to observe a more constant ratio: 
for, if we bake the medium of each class, which is set 
down in column TL, wo shall find the extremes to 
differ no more than from the ratio of 10 to 8-1 to that 
of 10 to 86; and as the seeond form of the ratio 
gradually inerouses from 8-1 to 85, by an increase of 
head from 3 inches to 11, the excess of 86 above 81 
is lo he imputed to the supertar impulse of the water 
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at the head of 11 inches, above that of 8 inches : 90 
that if wo reduce SL bo 8, on account of the impulse 
of the 38-inch houd, we shell have the vatto of the power, 
computed upon the height of the wheel only, to the 
effect at a marimian, as 10 to 8 or as 6 to 4, nearly ; 
and from the equality of the ratio between power and 
offoct subsisting, whoro the constructions aro similar, 
we must infor, chat ¢he effects, as well as the powers, 
are us the quantities of water and perpendicular 
heights, neltiplied together respectively. 

Tor pruast wrens, the ratio of the theoretical 
power to the effective power must vary considerably, 
tho mean value being about 1 to 6 and, therefore, the 
aflective horse-power would be 66,000 foot-pounds 
in ono minute, Morin gives an efficiency of from +52 
fo-7, Myon, with a wheel 23 feot in diameter, 4} feet , 
wide, having 69 ventilated buckets, very well con- 
strnatod, found at best an efficiency of only ‘52, 
under ordinary circumstances “48, the mean amount 
being ‘5. Vory wide wheels give a larger offect, 
somotimes as high as ‘7; but a great deal depends on 
tho mamer of bringing on the water and the con- 
struction of the wheel and buckets, 3 

For unprrshor wets the mean effect may be 
taken at one-third or °88, or 100,000 foot-pounds in 
one minute for an effective horse’s power; a maximum 
effect of 6 is sometimes approached, and a minimum 
of 26 or loss, ‘Tho following results, obtained from 
a model, are given by Smeaton. ‘The virtual or 
effective heal is here termed the theoretical head 
due to tho velocity of tho wheel, at the circum- 


forence, which was 75 inches girth. 
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PABLE containing the Healt of Cwortiyrsovon Haperimants, on a 
Modet Undershot Wheel, by Smeaton, 
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Smeaton derived the following “maxims” from 
tho foregoing experiments, ‘Their truth, indepondent 
of any experiment, will be apparent :-— 

L—l'hat tho virtual or effective head baing the same, the offect will 

bo nearly as tha quantity of water expended, 


THe Lhat the eaponsa of water being the sume, the effect will bo 
nearly as the height of the virtual or effuctive head. 


TL—Vhat the quantity of water capended being the same, the effect 
is nearly as the square of tho velocity. 

IV. —Vhe aperture being the same, the effect will be nearly as the cube 
of tho volucity of the water, 

For rurpines oR WorIZonvaL wieErs, a useful 
effect of two-thirds or ‘67 may be assumed, or 
49,500 foot-pounds in a minute for a horse-power, 
and the efficiency varies from-b to +8, or less." ~~ Pon- 
celct’s turbine gives an efliciency of -6 to +6, Float~ 
ing wheels °38, impact wheels from +16 to -4, and 
Barker's will from +16 to +36, Wo beliove that the 
officiency of the twbine has been too often over- 
estimated, and that the great advantage of this 
wheel, as a me(linm of power, is derived from its 
enpability of employment for all falls, whether large 
or small, without any considerable loss of effect. 
In Ireland, Mr, Gardner, of Armagh, was amongst 
the first, if not tho first, to apply this wheel to prac- 
tical purposes; and Professor Thomson has, in his 

* In our first edition wo guvo an eflicioncy of +821, on tho 
authority of a papor by Dr. Robinson, Armagh, in the Procced- 
ings of tho Royal Trish Academy, vol. iv, p. 214, On again 
glancing over this papor, we bolieve there ave mistakes, which 
vitiato the rvosults there given; first, in tho formule for caleu- 
lating the discharge over the woir, md next, in the formula for 
finding the offeet of the brake. Irancis gives an oflicioncy of +88, 
p. 8, his book. 
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vortox. wheels, produced, we believe, the highest off. 
ciencies which have yet been obtained in practice, 
Ty the experiments on the Ballysillan wheel, higher 
officiencies would probably have been attained with a 
supply pipe of larger diameter, Tt will be seen from 
tho remarks, ab pp. PTL and 172, und the tables, at 
pp. TZ and Tt, Uivt guide apask from honts, &o., 
a loss of mochuiien! power always results froin the 
passage through orifices and pipes; and that it 
is necessary lo take this loss into account, before 
tho head acting on the wheel can be accurately used 
to dotermine its effective power, ‘Tho table, next page, 
contains the experiments on the Ballysillan turbine, — 

The following remarks ou the vortex. turhing, read 
at tho meeting of the British Association ab Belfast, 
in 1852, are also by Professor Thomson :— , 

“Numberless are the varieties, both of principle 
and of construction, in tho mechanisms by which 
motive power may he obtained fram fulls of water, 
The ebiel modes of nebion of he water we, however, 
rodneible to Giree, as follows --TMirst, the water may 
acl direetly hy its weight on apart of the mechanism 
which descends while londed with wator, and ascends 
while free from toad, ‘The most prominent example 
of the application of this mote is afforded by the 
ordinury buckeb water wheel, Secondly, the water 
inay ach by fluid pressure, and drive before ib some 
yielding part of a vessel by which it is confined. 
This is tho meio in which the water vets in the water 
pressive engine, anilogous lo the ordimuy high-pres- 
sure steam-enging, ‘Thirdly, the water, having been 
brought to ils place of action subject to the pressure 
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dav to tho height of fall, may be allowed to issue 
through small orifices with a high velocity, its inertia 
being one of the foreos essentintly hvolved in the 
sonmunication of tho powor to the moving part of 
the mechanism, Throughout the general elass of 
water wheels called Gurbines, which is of wide extent, 
tho water acts decording lo some of the variations of 
which this third mode is susceptible, In our own 
country, aud more espeeiuly on the Continent, turbines 
have attracted amuch attention, and many forms of 
them haye beon mado known by published desevip. 
tions. “he subject of the present communication is a 
now water wheel, which belongs to the sume goneral 
class, and which has recently beon invented and 
brought suecessfully into use by the author, 

“Tn this machine the moving wheel is placed within 
a chamber of & nearly eivetlar form, ‘Tho water is 
injeetod into the chamber tangentially at tho eiroum- 
forence, and this it receives a rapid motion of rotation, 
Reotwining this motion it passes onwards towards tho 
contro, where alone it is free bo make its exit, ‘Lho 
wheel, whieh is placed within the chamber, and which 
almost entirely fills it, is divided by thin partitions 
into a grout number of radiating passages, Through 
these passages the water must flow on its course 
towards the contre ; and in doing so ib imparts ils own 
rotatory motion to the wheel, ‘The whirlpool of water 
acting within the wheel chamber, being one principal 
feature of this turbine, leads to the mano Vorter as 
a suitable designation for the machine as a whole. 

“lho vortex: admits of sever modes of construc. 
tion, but tho two principal forms are the ono adapted 
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for high falls and tho ono for low falls, ‘Tho former 
may bo called tho Wigh-pressuro Vortex, and the 
latter tho Low-pressuro Vortex, Txamples of these 
. iwo kinds are in operation at two mills near Belfast, 
 & Tho height of the fall for tho first vortex is about 
87 fool, and tho standard or medium quantity of water, 


for which tho dimensions of tho various parts of the - 


‘wheel and caso aro calculated, is 540 cubic fect por 


minuto, With this fall and water-supply the -esti- 


‘mated power is 28 horse-power, the efficioncy - being 
taken a&675 por cont. ‘Tho proper specd of the wheel, 
calculated in accordance with its diameter and the 
‘velocity of tho water cntoring its chamber, is 356- 
royolutions per minute, “Lhe diametor of the wheel 
is 224 inches, and tho extreme diameter of the case is 
A feot 8 inches. 
“Tm the second vortex, the fall being taken at 7 
fect, the calculated quantity of water admitted, at the 
‘standard opening of the lguido-blades, is 2,460 cubic 
‘foot per minuto, ‘Then, the efficiency of tho wheel 
“being taken at 75 per cont, its power will be 24 
horso-power, Also, the spood at which the wheel is 
calculated to revolve is 48 rovolutions per minute, 
_' The two oxamples which have now beon described 
‘of yortox water wheals, adapted for very distinct cit’ 
cumstances, will sorve to indicate the principal features 
“in tho structural ayrangements of these new machines 
‘ingoneral, Rospocting thoir principles of action some 
further oxplanations will next bo given. In these 
‘machines tho velocity of the circumference is made 
tho same as tho velocity of the entering water, and 


thus thoro ig no impact between tho water and the 
oo 


os 
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wheel; but, on the contrary, tho water enters tho 
radiating conduits of the wheel gently, that is to say, 
with scarcely any motion in relation to their mouths, 
In order to attain the equalization of these velocitics,. 
it is necessary that the circumference of the wheel should 
move with the velocity which a heavy body would attain, 
in falling through a vertical space equal to half the 
vertical fall of the water, or in other words, with the 
velocity due to half the fall; and that thé orifices 
through which tho water is injected into the wheel. 
chamber should be conjointly of such arca that when 
all the water required is flowing through ther, it also 
may havé a-velocity due to half the fall.” Thus one-half 
only of the fall is employeg in producing velocity in 
_the water ; and, therefore, the other half still, remains 
acting on the water within tho wheel-chamber al tho 
circumference of the wheel, in tho condition of fluid 
pressure. Now, with the velocity alroady. agsigned 
to tho wheel, it is found that this fluid pressure is 
exactly that which is requisito to overcomo tho con 
irifugal forco of the water in the wheel, and to bring 
the water to a state ofj rest at its oxit; the meohanical 
work due to both halves of the fall being transferred 
to the wheel during the combined action of tho moving , 
water and the moving wheel. "In the foregoing state- 
ments, the effects of fluid friction, and of somo other 
modifying influences, are, for. simplicity, loft out of 
consideration; but in the practical application of tho 
principle, the skill and judgment of tho designer 
‘must be exercised in taking all such elements, as far 
as possible, into account. To aid in this, some prac. 
tical rules, to which the author as yet closely adhores, 
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yore made out by him proviously to tho date of his 
patent, ‘These are to bo found in the specification of 
tho patent, published in tho Mechanics’ Magazine for 
January 18 and January 26, 1851 (London), 

“Tn respect to the numorous modifications of con- 
suction and arrangement which ave admissible in 
tho vortox, while tho leading principles of action aro 
rotained, it may bo sufficient hero merely to advert, 
first, to the use of straight instond of curved radiating 
passages in tho wheel ; secondly, to tho employment, 
for simplicity, of invariablo entrance orifices, or of 


fixed instead of moveablo guide-blades ; and lastly, to - 


tho placing of tho wheel at any height, less than about 
thirty feot, above tho water in tho tail-raco, combined 
with the employmont of suction pipes descending 
from the central dischargo orifices, and terminating 


in tho water of the tail-raco, so as to render available 


tho part of tho fall bolow tho wheel. 

“In yolation to the action of turbines in general, 
tho.chiof and most commonly recognized conditions, 
of which tho accomplishment is to be aimed at, are 
that tho water should flow through tho whole machine 
with the least possible resistance, and that it should 
ontor the moving wheel without shock, and bo dis- 
charged from it with only a very inconsiderablo 
velocity, “Tho vortex is in a remarkable degree 
adapted for the fulfilment of these conditions: The 
water moving contripotally (instoad of contrifugally, 
which ig more usual in turbines), onters at the period 
of its greatest velocity (tliat is, just after passing the 
injection orifices) into tho most rapidly moving part 
of the wheel, the circumference; and, at the period 

; 608 
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when ib ought to be aa far as possible doprived of 
volocity, ib passes away by tho central part of the 
wheel, the part witich has the least motion, Thus, in 
cach case, that of tho entrance antl that of the dig. 
chargo, there is an accordanco between, tho velocities 
of tho moving mechanism and tho proper velocities of 
tho water, ; 

“Tho, principle al injection from without inwards, 
adopted in tho yortox, affords another important 
advantage in comparison with turbines having the 
contrary motion’ of tho water; as it allows ample 
room, in the space outside of tho wheol, for largo and 
well-formed injection channels, in whieh the water 
can bo made vory gradually and vogulutly to convorgo 
to the most contracted parts, where it is to have its 
groutost velocity. Tt is as a concomitant also of the 
same principle, that the very simplo and advantageous 
motlo of regulating tho power of the wheel, by. the 
moveablo enide-bhudes alvouly deseribed, can.bo intro. 
duced, ‘This moto, it is bo be observed, whilo giving © 
grea variation to tho areas of tho entraneo orilices, 
yolatug at all times very suitable forms for tho cons 
verging water channels. 

© Anothor adaptation in the vortex js to bo romar ed 
as being bighly boneficial, that, namely, according to 
which, by the balancing of tho contrary fluid pressures 
due to half tho head of wator and to the centrifugal 
foreo of tho water in tho wheel, combined with the 
pressure duc to tho ejection of the water backwards 
from tho inner ends of tho vanes of the wheel when 
they are curved, only one-huf of the work due to the 
foll is spont in communicating ws vive. to the water; 
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to be afterwards taken from it duriie its passage 
through tho wliccl ; tho remaiuder of the work being 
communicated through tho fluid pressure to the wheel, 
without any intermediate generation of ws vdua, 
Thus the velocity of the water, whore it moves fastest 
in tho machine, is kept comparatively low; not ex- 
eoeding that due to half the height of the fall, while: 
in other turbines the water usually requires to act at 
mich higher velocities. In many of them it attains 
at two successive times the velocity due.to the whole 
fall, The much smaller amount of action, or agita-: 
tion, with which tho water in tho vortex performs 
its: work, causes a material saving of power by: 
diminishing the logs necessarily occasioned’ by fluid 
friction. 

~ Tn the vortox, furthor, a very favourable influence 
on the regularity of the motion procceds from the 
contrifugal forco of tho water, which, ‘on any increase: 
of-tho velocity of the wheel, increases, and'so checks 

tho’ water supply; and on any diminution of the 

velocity of tho whcol, diminishes, and so adinits the 

water moro frecly; thus counteracting, in a ‘great 
degrec, the ixvogtilarities of speed arisizig from varia- 

tions in the work to be performed. When the work 
ig subject to groat variations, as for instance in sav-' 
mills, in‘ bleaching works, or in forges, great incon- 

yeniencd often arises with the ordinary bucket water- 
wheels: and with: turbines which discharge at the 
alrctimforence, from their running too quickly when 

any considerable diminution occurs in the resistance 


to thoir motion. acs x,» 
* «Phe: first vortex which was constructed” on tho 
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large sealo was mado in Glasgow, to drivo a new . 
beotlinganill of Mossrs, G. Uumter and Co, of 
~ Danadry, in County Antrim, It was tho only one in 
action ab tho timo of the meoting of the British’ 
Association in Bolfust; bué the two whicl: have beon 
particularly doseribed in tho prosont articlo, and one for 
an unusually high fall, 100 fect, havo since been com. 
ploted, and brought into operation, ‘Chere are algo 
sovoral othors in progress; of which it may bo sufli- 
cient to particularize one of great dimonsions and 
powor, for a now flax-mill ab Ballyshannon in the 
 Wost of Ireland, Tt is calculated for working st 160 
horse-power, on a fall of 14 feot, and it is to be 
impelled by the water of tho River Erne, ‘This great 
river hag an ample resorvoir in tho Lough of the 
same nemo; so that the water of wet wonther is long 
retained, and continues to supply the river abun. 
dantly even in tho dryest weather, ‘Cho lake has. 
also tho offect of causing tho floods to bo of long. 
duration, and the yorlex. will consequently ‘be, 
through © considerable part of tho year, and for long 
poriods aba time, deoply submerged wndor back- 
water, ‘Lhe water of tho tail-raco will frequently: bo 
soven fect above its omlinary summer level; but as 
the wator of tho head-race will also riso to such a 
height ag to maintain v sufficient diflerenco of levels, 
the action of the wheel will nob bo deranged or 
impeded by the floods, ‘These circumstances have 
had. material influonce in leading to the adoption in 
the prosent caso of this now wheel in preferenco to 
tho old breast or undershot wheels.” : 
The noxt tables havo beon arranged by us from 
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Mr. Francis’ valuable oxporiments, ‘They show the 
ratio of the effect to tho power in two wheels, tho 
first a contye-vent wheol, erected at the Boott Cotton | 
Mills, and the second a turbine, erected at the 
Tremont Mills, Lowoll, Massachusetts, 

Tho maximum offect ‘794 was obtained from the 
Tromont turbine oxporiments, when tho velocity of 
the interior circumforonco of the wheel was to that 
due to tho wholo fall as *68 to 1; and an effect of 78 
por cent, was obtained when these velocities were as 
‘61 to 1, In the Boott contre-vent wheel the max- 
imum effect “797 was obtained when the velocity of 
the oxterior circumfercnco was to that due to tho fall 
as ‘64 to 1; and-a like offoct was produced when 
this ratio was ‘708 to 1. Indeed, between these 
ratios tho useful cffock was nearly the same; an 
effect of °78 to ‘79 was obtained for all such ratios 
botweon limits of 60 and ‘71 to 1, averaging a ratio 
of 66 to 1, Tf a turbine have a variable fall, say 
trom 2 to 1, and be of sulliciont capacity to give the 

- equixod power always, the dimensions should be 
dctormined fom the losser fall, and if correctly 80 
determined, it will not have sufliciont velocity for 
tho greater fall. When the fall is greatest the 
quantity in the same place is generally least, giving 
thercby a lessened cffect when most is required. Foy 
such casos two turbines may. bé used with advantage. 
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WABLE showing the Reeults of Expertmenta tipon the Turbine at Tremont Mills, Lowell,” 
Massachusetts, arranged from Mr, Francis valuable Experiments. Diameter, measured ° 
to the Exterior Circumference of Crowns of the Wheet, BB33 feet. Height of Buckets 
from top of the Disc to the bottom of the Garniture, B7 feet. Number of Buckets, 44. 
Width, of the Buckets 8 fost, nearly. Width of Guide Curves, 28 feet, nearly, Number of 
Ditto, 38. A Double Weir with 4 end constructions and 16-98 feed long, used for gauging 
the Water thé Crest being G5 feet above the floor vf the Wheet Pit. The Fatls show the 
aigerence of heads in the Forebay and Wheel Pit. For rine details, sce Francis’ 

Lowell Hydraulic Experiments, pp.1 to 43. The supply pipe is fully a quadrant, and 

‘partes from 0 to 9 feet in diameder, ; 
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LABLM for Lurbines of diferent Dianetors, modified from Francis, 

operating with digerent Malle: asmening the wsefud effect ts 
i seventy-five par cont, of the power expended, that the Velooity af the, 
Interior Cirenmferanca ts fiftysia por gent, of the Velocity due 
to the Wath; and that also, tho Leight betweon the Crowns ts once 
tonth of tha Outside Diameter, a7 
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TABLI of Lurdines of differont Diameters, modified from Franois, 
operating with diferent Falls; assuming ‘tho useful offeot is 
soventy-five per cent. of the power expended, that the Velocity of 
the Interior Circumference is ffly-siw per cant. of the Velocity due 
to the Tall, and tht also, the LHoight between the Crowns is one- 
tonth of the Outside Diameter, 


Fall inicet. 


palate Mamoter 0 ft 
r 
Number of biuokota 48, 
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‘Toe uypraAuria raw las been applied with advan. 
tage in raising water Cow cousiderabllo height by the 
momontimn of a larger guuuilily ab a lower level, 
Tho shock of tho yatves, and vibration of the ma. 
chine, require heayy and strong setting, and con 
giderablo strongth in all tho pacts, ‘This limits its | 
mplication, md provents its use for raising largo 
quantities of water, ‘Tho work dono by the ram, tn 
oyor one thousand experiments by Kytohvein, did 
* not exceed in any of thom 1480 Ths, raised one. 
foot in one minuto; and in France, the ram put 
up by the younger Montgolfior, said to bo the 
largost constrneted, raised only 7400 Ibs. ono Loot 
high por minnto, and had a useful elfoes, ib is re 
ported, of 65, ‘This mm was put up at Mello, near 
Clermont-sur-Oiso, Its dimensions wero 

Tronygth af dhe body pipe ov injection pipa 108 feat, 
Dimmoloy 6 eee e+ dB inchs 
Woight of body pipa. . » + BLO Ths, 


Woightof haut. eee OTD, 
Contonts of nivechumbor 6 ‘Ay gations, 


This ram worked under a head of 37 feet, discharg- 
ing in uso 81h gallons cack minute, and tne 
3°85 gallons a height of 196 fect, 
Tho largest run employed by lytelwein in his ox 
periments had tho following dimensions— 
Tenth of the, hody pipo or injection pipe £8 foot inches, 
Diemoter of ditto + 4 0 feat 23. inches, 


* Gontonts of airschamber — ‘i ‘ Aid paltons, 
Ayoa of tnil vr oxonpo yalyo. : ; i746 pquaro nchos ; 


and his oxperiments led to the following practical . 
forniula by D’ Aubuisson— 
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: Tt 
7 1M 28/4 : 


in which p is the wator used por minuto in gallons, 
‘@ tho quantity raised in gallons, 4 tho head used, 
and # tho lift of tho quantity @ By a slight x6. 
duction wo got 

dhl = VAD d (= 98 ALN 
for tho effect produced, which is reduced nearly ones 
aixth for practical application, giving the formula 

dha Lan (h-2VSKhK*) 

for tho work dono, 


EXPERIMANTAT RUSULTS = TIYDIAULIO RAM, 

































Molight I teat alto of] Gallons of water por Dh 
" of hoights. minuto, Talo ah Ratlo 
br olta | —arennn jm ree nent gn a D 
per 7 ~_ 
Vall Hlovatton} | Hxpondod] Raised | Ixperl 
pada, ny Mw i 3) a monte, Formula, 
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Kytolwoin recommends, that tho length of tho 
hody pipe should not he tess than throo-fourths of 
tho height to whith tho water is lo bo reisod; tty 
diamoter in inches equal 68 \/n; tho dinmotor of 
tho rising pipo “3.471: and tho contents of tho air. 
chambor oynal fo that of the rising pipe, 

The following table gives tho result of oxporiments 
made by Montyolfier and his son: 


VAULT OV ODNERUEMERTAL MCSE He TY EDADEIE TAM 


Noha, Witoy pov Minute, 


th Menn Ratt 


Hapeatest | Vetlnened 3h IN 
Chillony, allay 

Ih Lay bY 

wh thet Bitty 

inet wn Ci 
7 i) "GR 








Qn Da) “OTL 








Tablerly, tho Messrs, Taston and Amos have 
pulonted improvements in this machine, and havo 
raised water lo a height of 380 feat., ‘Che injection 
pipe is laid by thom ab an inclination of about one 
in four for high fully, and varies down to ono in 
gighteen for smatler falls, ‘ho quantitios ratsed in 
their practicn vary up to six gallons per minuto, 

Waren vressunn endures give a usefel effect 
vurying up to 70 per cont, for the best constructed, 
An imnense amount of mechanical skill and inven 
tion has boon Wrought Lo bear on thoir construction, ° 
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and in Weisbach’s book» a uscful. offect of 88 per 
cont, has heen caleulaicd; this is, however, o result 
seldom obtained in practice, where two-thirds, or 66 
“por cont., is nearer to tho'genoral efliciency, Jordan. 
got a maximum oflictoncy of ‘66 from one of the 
Clausthal. cngines, making four strokes per minute, 
and ‘71 making threo strokes per minute, ‘These re- 
sulis wore for tho combined ongine and pumps, from 
which it was calculated that the efficiency of the 
engine alone, was in the first case 83, and in the 
secon ‘85. It would bo a great mistake to calculate. 
on such high efficiencies. 

Corn min1s will grind about a bushel of corn per 
horge-power per hour, but much depends on the stato 
of tho stones and of the grain, Tho value of the work 
dono in an how being once known, the value. of the 
standard horse-power, can be dotermined accordingly. 


* Vol, ii, p. $42 
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PARLE Tom Cocfivients of Discharge from Square and diferent 
propartioned Ueetangular Lateral Orifices in thin Vertical Play 
wranged frou Loncelet and Leabros. 
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TABLE I[.—Cooficients of Discharge from Square and differently 
proportioned Rectangular Lateral. Ovifices in thin Vertical Plates, 
arranged from Poncelet and Lesbras. 


‘Rectangular 
orifice 8” X1'18", 


‘nptish 





Tends taken 
at 
the oriflee, 
tho length 
of tho orifice. 
Heads of water moasured 
to the upper sides of 
inches, 


the orifices in E, 





+628 
+625 


‘617 
616 
“Olt 
612 
612 
610 | *610 
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ABLE Thor jimling the Vilorities from the Anivides, wi 
altitudes fom the Velocities, 


Altitude 0 fool 0 434 inch to 0 feat 8% inchos, 
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‘TABLE II,—For juiding the Velocities from tho Altitudes, and the 
U Altitudes from the Velocities. 


Altitudes 0 feet 0 +3, inch to 0 feet 33 inches, 


Coefficients of velocity, and the corresponding velocities of 
discharge in inches per aceond. 





inches. 


19-46 48 


Coefficient -700. 


‘Vilues of 
v= 15985 1d 


CocfHeient “564. - 


Altitudes’ 7 in feet and. 


7. Values of ~ 
8. Values of 
e = 18515 nt 
Cocticient “666, 
9. Valuos of 
e= 17-458 nt 
Coefficient -628. 
10. Valuea of 
v= 17153 nd 
Cocllicient -617, 
LU. Values of 
v= 16847 jt 
Coefiicient 606. 
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404. TUE DISHARAT OT WATER FROM 


VADTTE LLmnltiy firating the Velavition fram tho Altitudes, and tho 
othitutes Jrom the Velavities, 
Altar C foot dl tnehes tof (ot, 
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PABLUG IL —Hor finding the Velooitios from the Altiaudes, and tho 
Altitudes from the Velocities, 


Allildes 0 Toot 4 inehes to 1 foot, 
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LANL Tar finding Ue Velovities fram the Altitudes, and & 
Altitudes fran the t ‘elacitins, 


Altitude T foot Of ineh tof foot § inehos, 
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TABLE [1—I'or finding the Velocities from the Altitudes, and tha. 
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slleitudes fram Ue Veluvitien, 
AlMiidias 6 feet iachon to 47 foot, 






C1008 
OO V2Ab | Qe 
Qafrsl OT 
RAOTAG | 2b H0 
QA Gd Wek 
LEO BOO | 24 
Hb Ot | ww 
QAO] i id 
QUOTA) BOAR, 
QOH UNS | Od tS 
g7dase | geno 
270007 | 26 L 
QAOTUG | VAT 
QR MG | Y77O 
AMOI | QALY 
MNBL | BAH 
RUHL | BHO LL 
BOOTS | RUB 
BOPABE | 20GGR 
HONLT | HO0HO 
SEBO | wa 
BUTAT | BOTH 
SHYaUs [Eh bon 
SQaUO7 | EAL 
BAG | bay 
830107 | B21 
SOHO | A 
W87057 | AHR’ 
Od 7 

































galls 
5 Whe 
QOTON7 | MATL 
Oa) | BoOuE 
900-707 | 967417 
372-076 | s0888 
Vdd | Aves 
SREQOK | 82H 
SOLE | a8lad 
QN7-U83 | BROZd 





ae 
ait 
adi 

oe 


QUOT 
22070 
ot 
QBS 
RELA 

Qed 
RAVAN 





aU" (0) 
Rho 
QOREL 
Q7N 
27 
HOO 
27d 
RATZ 
200u) 
QOH 
QP 
YOLH6. 
OGL 
HOW 71) 
UO 
BGR 
ade Dy 


ded 
N6067 
Ont 7 





NTT 
BTN5O 














TMD 
Ti) 
0287 
706 
QUE 
G17 
Qh 
Qed) 
Quire 
DOS i ty 
WPS 
QH7 RH 
Qt lett 
Se 
Lsio 
2600 
QHG7 
Qani0 
00 
POUT 
ROWAT 
QTd 
27-008 
277-20) 
2ROND 


QHd- HD, 


RAO 
2BURZ 
wien) 
M78 
NOL 
HOLT 
DOLAO 
30710 
SOUaB 
OMT 
32070 
dow 
bs 
Bed 
Hd lel? 





ronment 








Covfltelents of veluctty, And tho carrespanding velaclttes of 
Abicharge tn deter per second, 


ef 


5. Vala 
rae 
| Coeficiens S35. i 


181-07 
18820 
M226 
ING22 
20010 
20301 
207°06 
213 
QO 
21860 
Q2L-D0 
2263 
29880, 
wey 


QH07 
B10) 
2b LR 
Side 
R67 
Quy] 
20226 
200168 
BON 0a 
Q7 18s 
27470 
227-40 
Q80'26 
2B2(f} 
guid 
SH898 
20108 
2007 
20-87 
30308 
Boyod 
B14: 
RIV) 
U2d'OL 





| 





Hy 


$8 


6. ‘Yalaes of 


| coamcent 808. 







































180'68 
1B474 
188-71 
192-00 
16-42 
200-16 
203°83 
207 dd 
oop 
QWdd7 
217-01 
22129 
22491 
227°80 
Q9142 
284°31 
28746 
240°66 
248°03 
24505 
24964 
262'00 
25662 
26841 
261'26 
201-00 
200'88 
260-05 
272'88 
27600 
277°78 
204d 
28307 
28608 
28826 
23:37 
298'38 
goval 
80897 
1204 
31705 





ORTIIOUS, WEIS, PIPES, AND RIVERS. 


409 


TABLE II—Tov finding tho Velocities from the Altitudes, and the 
Altitudes fron Ue Velocities, 


Altitndes 6 foat 6 inchos to 17 feot, 


CocHiclonta of veluclty, aud tho corresponding yolucttles of 
Alsohinryo Ln Inohes per gavund. 
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LANL Lomb ur finding the Velovities dram tha Altiautes, and the 
“Altitudes, fran the Veluvitivs, 
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TABLE [L—lWor finding the Velocities from the Altitudes, and the 
Altitudes from the Velocities, 


Altitudes 17 Jeot 6 inchos to 40 fect, : 
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LABGH ITE —Syuava Hoots for ginding the effets af the Votociy 
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TARLM LTL—Squaro Roots for finding the offeots of the Velocity of 
Approoh when the Orifice is 


small tn proportion to the Head, 


Also for finding the Lnoreaso in the Dischargo from an Tnoreaso 
of Ifead, 









No, 


gp 
2°65 
QL 
226 
Qh 
26 
O50 
2076 
201) 
OW} 
2-0) 
2-026, 
Qh 
20h 
200 
2076 
Qn 
27 
271 
2726 
274. 
276 
276 
2776 
27) 
28 
281 
QBQ6 
eed 
286 
oH 
DAH 
Qh) 
Q0) 
2001 
2006 
Qik 
25 
200 
Q)75 
200 

















































Bauare 
rout, 








V6780 

VGST1 

16843 

16800 
16097 

L600 
1000 
1047 
10003 
10126 
L066 
16202 
10248 
16270) 
Lo 
TONG 
1401 
T452 
10403 
10508 
1-658 
1-G685 
Laas 
10058 
18708 
107883 
L703 
1-808 
TOR62 
LGH82 
DOO12 
LON0 
27000 
17020) 
17060 
17103 
7M 
47176 
17205 
17248 
17002 











































8026 
306 
8075 


Oh 
ea7o 
wh 
1625 
ob 
3676 
ot 
3026 
B06 
076 
7 
0726 
O75 
776, 
oe 


BOS 








8026 
305 

3076 
40 


30000) 











(Seo p. LOL.) 


Rquare 
10h 


1°7921 
1°7303 
17404 
1*7686 
1°7007 
1:7878 
17748 
17810 
17880 
1-7058 
1+8028 
18007 
18100 
18285 
18308 
18371 
eda) 
18607 
18674 
T8041 
18708 
18776 
188d 
1808 
18074 
19080 
19105 
19170 
1285 
19900 
T0306 
Te 
Td 
1568 
r00gl 
108 
P7418 
19812 
1876 
1NN3R 
2:0000 





























































































































































Squoro Square 
root, root, 
21218 60990 
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28284 | 33 | 67440 
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40000 | 40 | 7:0000 
40620 | 60 | 70711 
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1476 | 9274 | 1°7014 14640 } 1-975 9627 | 27756 1:8128 
bdo 8430 | 18188 14768 | 1-00 9850 | 2:8072 18222 
6 “+9586 | 1:8371 14836 | 2° 10000 | 92-8284 18284 
151. | -8642 | 18555 | 140919 | 2°01 | 10160 | 28497 | 18346 
1-625 | -g30¢ | 1-8882} 1-5098 | 2-025 | 1.0977 | 2-816 | 1-8430 
L64 3968 | 1°9111 15148 } 2°04 10608 | 29137 1-858) 
1665 | +4079, | 19207! 15918 | 2-08 | 1-0780 | 2-350 | 1-a592 
1s | -4igr | 19484} 13294} 2-06 | 1-0918 | 20507 | 18638 
1-676 | 4360 | 10766 | 1-406 | 2-075 | 11140 | 29900 | 1 8744 
168 “4417 | 19860 16443 | 2:09 11880 | 30215 1°8835 
160 | 4582 | 20049 | 1asiz | 210 | 11597 | 30439 | T8895 
1-6 | 4648 | 2-0239 | 1-5601 | 211. | 11695 | 30650 | 1-898 
161 | +4764 | 20499) 15664 | 2198 } 14932 | 80977} 1-9045 
1-626 | 4941 | 2.0715 | 16774] 274 | 12172 | 81306) 19134 
164 | 8120 | 21002] 15882 | 215 | 1-9399 | 84595] 1-9193 
1-65 | 6240 | 21195 | 1-954 | 216 | 12494 | 8-1745 | 1-9958 
1-66. | -sa62 | 21388 | 1-609¢ | 2:176 | 12787, 39077 | 1'0840 
1-675 | +5546 | 2178 | 31-6132 | 219 | 7-2081"| 92400 | 19498 
ye0 | 6732 | 21970 | 16238 |92 | 13145 | 92691 | 10186 
17 | +6867 | 22165 | 1-209 | 221 | 1-a8i0 | B-2854 | T9544 
171 | 5083 | 2-2861 | 1-¢379 | 2-295 | 1-3508 | 3-189 | 19031 
1-725 | -6173 | 22656} 1-6483 | 224 | 1:3808 | 3:9525 | 1°9717 
v74 | -o36e | 22052 | 16586 | 225 | 18075 | 39760 | 190778 
1-75 | +0405 | 2°8160 | 1-e55 | 2-20 | 1-4143 | 3°3075 |. 1-9892 
1-76 | 6026 | 2-339 | 16794 | 2-976 | 14307 | 34314] 1-017 
1-776 | +6893 | 23648 | 1-626 | 2-20 | 1-4652 | 34cs4 | 2-0008 
1-70 | 7992 | 2:80:90 | 16997] 2:3 | 14822 | 34esi | 2-059 
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og | 9406 | 27440 | 1804 | 2-475 | 1-7014 | 38037 
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GO007 | 24989 
GOT | 2day7 
G7] 24019 
HANG | Q479g 
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HMM? | 25006 
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(WON87 | 0107 
7G | 2087d 
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(VOIR | 20d88 
Q070N | 20504 
TOAGL | 20700 
TUI71 | 20806 
TINO} | 26010 
TAGS | 7016 
TMG | 37110 
THO7 | 27228 
7480 | 27826 
THAR | 27490 
TO270 | 27681 
TAY | 27084 
TIT) | 27786 
TRHVG | 2°7807 
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PW) UR Goy | Bea 104:3168 | 1726007 | $2830 [+ 
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LADLE Ve-—Coefficients of Discharge for different Ratios 


of the Chamyel. to the Orifice. 
Mean Cootlivient 628, 


Joolicionts for heads in still water +628 and +680, 
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070 “760 ‘176 +708 
“683 ‘768 190 ‘776 
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THU DISCTIARGH OF WATER FROM 


PARTIE V—Chepicients of Discharge Jor Digerent Ratios of the 
Uhannol to the Onision. 
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LABLE V—Covficients of Discharge for diferent Ratios of the 


Jhannel to tha Orifi 
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Malo er 
tho Ratto of | CouMtefonts | ConMlolonta f Ratlo of | Coomictonta | Cooftetents 
channel tho holght | for orlitens :| for woltst | tho helght | for avilices : | for weirs: 
to cho F due di tho | the heada | the honds | due to the | the heada | tho heads 
orlitev, 7 velocity of } measured | mensurod | votocity of | measured | meastred 
approneh to the the felt apynonch to cho tito fait 
to tho hend,|  contres, dopth, | to tho hend,| contres, depth, 
30° “O01 ‘707 ‘708 001 1-001 1002 
20° “001 “208 “708 003 | 1-001 1-004 
16 O01 ‘708 “700 005 1-002 1006 
10" 006 TU) 712 010 1-005 1dl¢ 
9° 008 700 713 OLS 1-006 1017 
oy “008 ‘710 Th 016 1-008 1021 
7 010 711 717 021 1-010 1-028 
Or Olt 712 “721 020 1014 1-038 
bh O17 713 ‘7283 034 1017 1046 
rae) “O20 714 727 041 L021 1056 
AD 026 716 731 062 1026 1067 
4) 082 ‘718 ‘737 +007 1083 1084 
876 087 720 742 077 1038 1096 
360 “Ud3 723 TAT +080 1044 1110 
Bed “060 "Td. 753 +106 1061 1127 
B00 ‘060 1728 ‘760 +126 L0Gl 1149 
276 O71 “732 770 162 1-078 1178 
260 ‘087 “737 ‘783 100 1091 1'216 
Eeus) 110 T4h6 “801 246 1116 1260 
2:00 1d3 “760 “820 “B83 1165 1347 
106 1b THY “882. +360 1108 1'307 
10 ‘161 +752 “890 83 1176 1369 
His A71 105 “BAG A12 1188 1413 
1:80 "182 700 S64 Ad 1'203 1441 
L765 105 773 “BOB 84 1:218 ya7l 
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boo 280 "BU “O28 800 1342 1609 
146 O12 “B10 O39 903 1:370 1:767 
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126 471 +867 1033 1:78 1607 2°25 
120 632 875 1066 Q:273 1810 2490 
15 G08 807 y'lu7 $100 2-025 QBdb 
Lo 70d. D2¢ 1165 4762 2400 BeddO 
106 890 067 1216 9 756 3°280 4803 
100 F 2-000 1000 1208 F intinilo, | infinite. | infinite, 
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feet, dud the “heud, he in iuehes dine 47h we may aubititute Uh Vie 
retatning Ue wine standards, 
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ORIGICES, WEIRS, PIPIS, AND REVERS, 425 


TABLE Viom—Tthe Discharge over Weirs or Notchea of one foot in length, 
Cubic feet per minute. 


Deplls 1026 inchos to $2 inehos, Cooflleients G07 to GL. 





ARETE COBVFIOIBNTH, 
Phe Morand at the heads of the Colunns give the Value of the Discharge 
Din Cabie feet per minute, when 1, the fength of the Weir, ds taken tn 
f and the head, hy in inches. For (78 we may substitute th Vii, 
retaining (he aeame atcandtarda, 
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10°85 | @fa-407 110.088 164715 | 101-027 | 169140 | 156-352 
105 | Q62-74 | 175244 | 170777 | 167-887 | 164097 | 162-107 
176 | 272173 | INLG10 | 176-918 | 173-010 | 270926 | 167-081 
TL) | Q8b-728 | 187-00 | 183120 | 180021 | 176-092 | 173-898 
126 | goLase | 1852 | 1s-308 | 186-193 | 182-088") 179 789 
1h | Bol Lay | QUO-BOG | 1o5°746 | 102434 | 189121 | 185808 
1/75 | BLOM | 207451 | Gos 164 | 18743 | 106-821 | 1NL-O00 
1 | Bar 214107 | 208650 | 205'119 | 201-688 | 108-057 
125 | 341276 | 227-64 | 221-826 | 218-072 | 914318 | 210664 
LY | aorgn0 | Bttdat | 236268 | 2B1-RB6 | 227-305 | 223-303 
136 | BHBOdL | Bo54B2 | 218-070 | 244-757 | 240548 | 936-430 
Me | 404-607 | 209 B06 | 262730 | 268-480 | 254-030 | 249681 
Meo | d2asos | 26-887 | 277:130 | 272-440 | 267-760 | 268-000 
16+ | dleOtL | 200-228 | 2p1G07 | 286-062 , 281-728 | 276-708 
Is | 471-228 | B-Boy | 806-208 | 81115 | 205-031 | 200748 
16) [paid | BOGRD | B2EeBR | 816 801 | 810306 | 8o4-Ne0 
WH | HTH | HaH-211 | gadads | 330720 | 996-020 | 319993 
17) | HAbgdT | a1 O21 | BALKBO | B45KGG | 380012 | 833-058 
17-6 | HOGG | 977 O65 | 807455 | 861230 | 365-018 | 848-700 
1a | GROZLG | BNBAO 376°828 | B70-B4L | 863864 
Id | Mlastaa | d0gBas) 302-020 | 385:870 | 870-111 
10° | aupans | wa-509 408°062 | 401-627'} 304592 
WG | BOLE | GIN 417°686 | 410-270 
gor | avuems2 | 400-085 | 448048 483°748 | 426-161 
20% | 716-287 | t7e-Od | 465°879 | 457°005 | 460°111 | 449-207 
ar | an les | aon ade | dgaroal | 474857 | 406683 | 458-308 
ele | 7oeen }613d72 | sn0ase | 40107 | 483-449 | 474 081 
Tus Hoe | BALANT | I7VAL | 500"176 | 600-410 | 491-645 
Berto! | GAh700 620082 | 617:567 | 608-601 
851776 | ABN UBL 614284 | 684015 | 626-545 
870 700 | 80,700 | 671'ROS | 662128 | 662-452 | 642-775 
onze | Gosaue | 60161 | 680'16L | 670177 | 660-190 

3 | G43 BBL | G274I4 | G1G'797 | 606179 | 606-601 
GH2-840 | 665436 | 664175 | 642914 | 632-693 

5 | 722 611 | 204194 | 602277 | 680-360 | 68-442 
LLLELIG | 708 135 | 743076 | 731-000 718°605 | 705°020 
1208 080 | 804-300 | 783868 | 70°00 | 757'387 | 744°071 
1268904 | 840-382 | 824-702 } 810804 ) 796847 } 782-889 
1332-Ha8 | 880 000 | 866341 | 861-680 | 837-019 | 822358 
107-842 | 092-361 | 90897 | 809-281 | 877-846 | 862-460 
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Seo pp. LIL to 127. 










































426 WI DISCHARGE OF WAITER PRON 


TAREE View the Discharge over Weira or Notehes af ute foot te louyth 
fu Catde fret per wilnate, f ke 
Doptha i dneliws to #3 duels, Cuottleients 607 to O17, 

Sh COU EPIOIENT A, 

Tho Bonawta at the heads uf the Coboaus giro the Vato of the Discharge, 
Dyfie Gable fret per minete, whea hy Ue denuth of the Weir, is taken in 
feet, anak the heals bey dae tnehes, Bor (yt we may substitute LA Vii, 
refining the samc atanidired. 
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ORIFIONS, WEIRS, PIPES, AND RIVERS, | 427. 


PABLE VI—'the Dischargo over Weirs or Notches of one foot in length, 
in Gubie feet per minute. 
Doptha 4 inch to 10 inches, CooMloionts ‘600 to#518, 
DEHSER GORYFIOINNTS. 
The Hormuta ab the heads of the Columns give the Value of the Discharye, 
D, in Gubie feet per minute, when l, the length of the Weir, is taken in 


Jeet, and the head, hy in inches, Hor Je 1) we may substitute Lh/ t 
volaining the same standards, 




















































Cooflelont | CooMolont | CooMeont | CooMetont | CoeMletont | Cooflotent 
vi} “AMS Ried “503 ‘BaD “O18 
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| ak 4/18! 407 4/78, 404/78, 
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25 “B86 “BTL “664 

‘ob LOSE 1024. 1604 

76 B030 2-086 2-020 
ps G80 4505 4510 
1:26 0540 Odo 303, 
105) 8b07 Gadd BE 
L756 | 10839 10637 | 1O-ddo 
a 13-230 | 19-900 | 12766 
2:25 15704 16:607 } 16220 
26 DH 08 18:12 | 17-826 
276] B40 7 QU | 20-560 
3 QUG1G | QdN7L | 28-433 
BQ] L7d1B | LGUs | 2420 
ob BUGCGLL | BO0RG } 20-5an 
B76 | BIOs2 | HeBos | 82740 
as 37487 | 80'767 | 36078 
26 | ALOVL | d258 | 80512 
45 ALO7L | AdHgo | ddO10 
276) Adda | 47605 | 40-080 
& OVsl) | G1L8E) | 60420 
G26 | SOL202 | 66270 | 6248 
6G UUsdO | GORO4 | 6H160 
G76 | G4H22 | OB'BSL | 62180 
Gr G8776 | 07627 | 66270 
O25 | PHB, TDL | 746d 
Ob aTOAY | 78142 | 7734 
W765 82006 |, 80°676 | 70-086 
7 BO007 ) BHODS 








+42 "621 ‘600 
1-634 L47d 1414 
2810 2'708 2608 
940 4170 4-000 
6-005 6828 5600 
7978 7660 7348 

10-047 G53 9200 
12-276 | 1b705) 11314 
14-47 | 14073 | 13:d00 
17-165 | 16483} 16811 
19791 | 19°01G | 18241 
22560 | 21°808 | 20°785, 
26427 | 2LY392 | 2-430 
QB41G"} 27BOL | 26192 
1516 | + 80281 | 20048 
B71) | 3360} 32000 
BS024 | 8O36 | 85-047 
41427 | 80806 | 388184 
44-927 | 43160) 4b410 
48520 | 40G21 | 44729 
62206 | BUIGL | 48117 
66-077 | 68780 | 61506 
60-837 | 67-405 | 66163 
63-782 | 61286 | 68-788 
67-300 | 057165 | 62-500 
7LOLO | GOO | 66-288 
7/107 | 73128 | 70149 
BOO74 | 77-228) 74-082 




































































726 | Olgol | Byaos 84-718 | 81402 |. 78-086 
Th HOI | 94372 80188 | 86°648 | 82169 
776 | luvv. | ole | 97-207 | 93-631 |, 82966 | 86-301 
8 105887 | 108°006 | 102-043 | 8100 | 949355] 00-611 
825 | 110-88) | 108876 | 106-863 | 102-837 | 98812] 04-786 
8 | 116007 | 118862 | 111757 | 107-547 | 103337 | 99-127 
875 | WLLL | 118922 | 116°723 | 119326 | 107-020 | 103-532 
iM 420-349 | 124056 | 121-762 | 117176 | 112-588 | 108-001 
0-95 | 191640 | 120260 | 126870 | 122090 | 117-312 | 112-532 
OG | 197-023 | 194°63G | 192-048 | 197-074 | 122100 | 117-126 
9-75 | 142407 1 190RBL | 187-204a | 139122 | 126-050 | 421-778 
1U' L47OUL | 146-205 | 142000 | 137237 | 181-864 | 126-402 
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428 TH DISCHARUE OP WATER FROM 





y Weird or Notoher of one font in length, 


PARLE Phethe Biseharge ov 
eet por titnnte, 





Doplles LOs8r inelies (ote) inehest. Cootletenta “WOH to “B18, 
Ba OnE baer 


wheat Ue Cobanm aiee the Value af the Ditehurge, 
vominnhs, when bt teagth of the Weir, in taken in 


eho Bor EA bh wee may substitute thy hs 





Phe Warunhe at thet 
Dy ia Cahie soot 
fevt, and the head, hy in 
retaining the ainme aoe 











Caetotent 


Coofiirlst 
i: qn, 


Head uU La 


a Nee wo Yee 
Jnohun, seu Ziv | Asin ty Zn, ton ti watt ani, wiv, PEEVATA 









Coalfielont 
“he, 
















10-26 | loans | liee7 | Laz woo Hei | day 131-905 
106 | MHOML7 | Wate | be Mei? | MENIa | 1bane 
17H} MON? | lets { lat LUNO7E | Taig 
lt W774 | INR | L030 | te-oa3 
IER5 | Leah27 | leas | ite a7 hep math L250 | 10086 
Ibi Ist | enzo Mites | loeqen TOG 
176 | laka7i H IAPs Ze Tp 107-952 | 1610p 
an WeG20 | Up |OUR | tinea V7 | 1de78 
2 QOR1O FP oGaO | tantnt | rap | Letea | 170778 
J QA 21 di a7 Lidia | i7aye 

5) QF | R2U0K2 | 110 
It AGw! | wade |g SUSEHE | gonGns 
Tei | Qaes70 | ahhagp | teeing BOVE) | QI0-RBN 
ly 278 | Ma | wt ig | A250 | aneago 
1h Seo | AOD | azn? REIN | 2-006 
It SH | MAO Po OVRZG | 25-00] 
16 | aban | gary | eegan Q7a | oR UNS 
17: Mado staan | MNPQNT | BNO 
175 Uhavint AO bd BOR | VoHAD 
He NOTH TEEEE T ON Eso] aed HOD 22 
Th | Beaaie | nai die | aera | aenyy WIE7OD | ALReAT 
1 BN7 AT BNO ay SOUT | aN | gs 
Ws ea AOD | ORO Medd] 
AMG | RE paN | gAT77B 
AOSNaG | PON | B7ba70 
gr 4 ALT | dUbasd | CDs 
205 AGSBUS | ANOTT |u| dead 308768 
Qo ABQSRO | ARE | ddan | a IPA | OBO | d1e76p 
2255 | avodaG | dpozo | anti 1a V7) taade | qeroio 
Qa HI7776 | GousOn a AN? / AHO | Cp 
286 AE OOH: Wl] S70088 | 450 O46 
Qa HALOS edit AQO'QHO | 470-906 
25° SHV | O7-bad fins 172 G20-N87 | GO0-00L 
20" G20'30 | Gop dae at NOY | OPM | GeEeed | GBUROL 
27° B50626 | LIOR | aeapt CUR | G52 | B6L188 
Qe OOBBBL ONO | ame Lid . OIF-Ra | 602659 
Qe PAOKOE | 7D FONSI OHPL13 | G21GRe 
Bor TORII | WAAL | 75 Lo? O8S'1s7 | 067-272 
alt 807-007 | 7OshOpt 710-730 | Goo07 
82° BI7002 | BBLT LE BL 10 TMG iN? THAR | 724082 
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ORIVICES, WINS, PIPES, AND RLVERS. 429 


PARLE Ple—The Discharge over Weira or Notches of one foot in length, 
in Oubie feet per minute. 


Deptha db inehos to 72 helos., Coelllsionls 606 to 518, 


LENSER CORVMUIENTS, 


ta Mormathe at the heads of the Cahanns give the Value of the Diseharge, 
D, in Cubie feet per minute, mhence t, Uw length of the Weir, és taken in 
feet, and the head, hy in inehen, Bor if 1) we may mudbstitute L hh, 
yatuining Ue same standards, 





; CooMelont | CoeMelent | Cavflelont | CovMoleat | CooMelont | cl 
Heads <0, 25 "502, "040. eoelent 


In He 
Hotes soe gt | 


. 318, 






d= be 

BAIT STA) 41/1 

33" | 887-108 864-008 | 822-408 | 790-408 | 759-987 
Be | 027-786} OLO8NG} 804-056] 860376 | 826-G05 | 793-015 
Bo" HOBO | 51376 | 039-787 | 808-610 | 863-434 | 828-257 
86° | 1010786 | 002-480] 974-001 | 987°306 | 900-701 | 864-005 
BF | 1068-108 | 1084-076 | 1014-069 | 976724] 088 480 | 900254 
88. 11006178 | 2070-28) | 1066883 | 1016688 | 070-793 | 936-997 
BOe 7118782 | 1110-04 | 1008366 | 1066070 | 1016-603 | 974-226 
AO) | LIS848 | 1162-360 | 1140-870 | LOV7-8N2 | 1054-014 11011-9386 
Ale | 1228-618 | 1200-919 | 1188 019 | 1180319 | 100-4719 |1050+120 
Ade | 1278-787 | 1250-616 | 1227-406 | £18126 | 1136-013 | 1088-772 
AB) | BINT | 1206646 | 127 HDA | 1228-00 E [1176-789 | 1127-886 
dds | 1805-202 | TM LOOT [1816200 | 1260-026 | 1207-043 |1167-460 
Ais | LAT2-018 | 1886076 | 1861-884 | 1310061 | 1258768 | 1207-485 
AG LADO | LBB | TLOG-068 | 1353967 | 1300-050 | 1247-967 
AZ | LHOT RTL AMOMLOL | 1458-001 | 1808-352 | 1343-612 | 1288-872 
48 | 1LGHG2O8 | 167-000 | 1490-712 | 1448-216 | 1386-720 | 1330-994 
AY | 1606-002 | 1676060 | 164082) | 1488-650 | 1480-280 | 1372-000 
HO | 1654477 | ed ddG | 15M ATs | 1G8hB60 | 1d74286 | 1414-928 
Hl | 1200060 | 1078 1642-485 | 1680-610 | 1618-736 | 1466-862 
G2 PLZ TB) LT22-KHO | 1001-020 | 1627-326 | 1603-622 | 1400-010 
HY | POG GV | 177217 | 170-043 | 1074-408 | LOO8 Odd | 1543-394 
Gly | TRAGBZ | LHQBVB1 | V7BOGLRL | 1722-110 | 1654-607 | 1687-283, 
Of | 1070) | 1874104 | 1880-467 |1770°162 | 1700°868 | 1631-678 
GO | MG Od | 1925-460 | 1880953 | 1818-G0 | 1747-467 | 1676-274 
HT | QOL HO | 1977-266 | 1040-700 | 1867-602 | 1704-488 [1721-376 
GH | 2087-088 | 2020618 | 11-002 | 1010-52 | 1841-11 |1766-870 
GO [2120-782 | $0R2227 | 2043-793 | 1966-749 | 1880-753 | 1812-703 
GO" 1217-0807 | 2195-880 | 2006-011 | 2016-050 | 1088-000 | 1859-045 
Gly | Q8eNdGd |2ISB ONG | 2148-527 | 2067-580 | 1086-651 | 1005-714 
Ode | WRAL | Q2dd-OdG | 2201-678 |2118-Gl2 | 2036-706 | 1952-760 
OB | BAALO-UO4 | 8207620 | 226064 | 2170°108 | 2085°162 2000-202 
Gb 28NG VIN | 2A6Ad48 | 2BVGBNG7 | 2221-076 | 2134-005 2048-013 
OG | QdGI19 | 2107-708 | B8H3-264 | 227d 267 | 2185-220 | 2006-201 
Gr | QhON 128 | 2403677 | 2418-082 |282G-041 | 2285-851 12144-7461 
G7 | QHGGIGS | 251770 | 2473-104 | 2980026 | 2286-868 | 2193-690 
G8 | 2624-082 | 2670-401 | 2628-770 | 2433-508 | 2338-246 | 2242-985 
GO} 2082128 | 208348 | 2684-757 [2487-386 | 2300°015 |2292-044 
70 [2740045 | 60087 | SO41-149 | 2541-054 | 2442150 (2842-003 
71: (Q709HH8 | 9748-760 | 2007-48 |2506-318 | 2404-678 | 2808-043 
72: | 2658097 | 2B07 042 | 2765°147 | 2051-368 | 2647668 |2443-778 
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430 WT DIBOMARGH OF WATER PROM 


PANE Volar glading the Alcan Vetavity from the Maainuni, 
’edoctty at the Sucfiwe, in Mi Raves, Streams, end Livers with 
uniform Uhannels ¢ and the Maximo Velanity Jram the Maan 
Velocity, (Soop. LL) 


Por tha Volovity in feat por miuate, nuldply by &, 


; Mean velocity ia 
i smaller channels in 
} imehes per seecud- 


"BL vie Bes 7 O71 | OBO 
V7) Al a MOT eR WHAT ANYTT 
Ony | 227 Boo | avon ANIL | 7068 
wa] od WT | apn 5 TOV | FL) 
Ad | wbR1 NEG | ERG NYOS | 7240 
Kol) pon wae | s7an TAL | 749 
heh) One HO | OO W205 | 733 
Waa | Gay 4 AQ [DD TAB | THe 
TH) Gey | AO PLO 4 TANS | TAG 
Roi} 771 Abe7G | 4017 TONG | 27-08 
Mio} wav ate | dey HAM | TPO 
log | pve | dtd | deny TURD | 7BY1 
West | Oop yp deka | apRo 77°B0 | 70-88 
Lai | Teas A) deed [Pas TAD | 8076 
lena | Van AGU | do Wad | R107 
that | Pat ST | dt OT | BOG 
Lego | isso 47-00 | Age SLOO | 8351 
Leas padded ARR | ARE ALA | Add 
VHT | Jetted 7 | agen a7 | aia 
M7 | We SAN AGO HHO | BEE 
17d | UGH GeO | GOA? Aba 1 87°20 
WT | 177 2 O77 | wea 2 | ADT? | RAID 
Weal | THD | Gath ttl Tot | BbOT | 808 
QoOd | hay ; ‘ } Riad | BOB 
ROH G i ROK | D001 
Qb7d | sy Awl | Bien RAL | OTAY 
BYHG | a GH | GD RANG | 0077 
SR a | acre | aged OTA | M300 
Bye | gs AT | OA PhOd | Mts 
QHO5 | ee GRG | GAOT Phas | Osh 
2680 " GI | HHT H2od | Hay 
272 fy 2 | dod | do?) MeHe | 0742 
Q7iit t Ute at ai {heads | ORG 
QA "| G70 | dhe ‘ OT) | aas 
Qt py | eat OOOH FOOL 
YOU i ads Ova WOT 
Bone | ge oo 7°70 [10208 
SLI3 | sO7) (ris) ou ssh [ft 
2267 | ALh GHO7 | OO (Wd [103-05 
BBO | BPGL ORO | ARH | TE 100-20 Lod BD 














ORIETONS, WHIRS, PIPES, AND RIVERS, 431 


PARLE VITL—For finding the Mean Velocities of Water flowing 
in Pipes, Drains, Streams, and Livers, 
Vor oa fall eylindrieal pipe, divide tho dinnotor by 4 to find the 
hydraulic mou dopth. 
Diameters of piper } inch to & invhes. Walls por mile ‘Linch to 
12 feat, 
Palla por anlle In food nut 


neliow, und the 
Hydvantte ThetInations, 


“Vfydzautto moan doptha,” or “moan radli,” and 
volugftled In inelies pov Kocond. 


Yall, Tae feat tno | fnew | snows | tmen. | toot 





wow : 

0 69360 Vh 88 ‘BT 
0 81080 93 B “50 : 90 
0 21120 Oo "1 a 16 
0 4 1hbA0 os “80 1:36 
0 12672 “8 : 102 ‘ 165 
0 10600 ar c 1:13 : 172 
0 9051 AG , 1:24 188 
0 720 “HO 138 ‘ 2°02 
7040 HB ‘ 148 2°16 
6336 ‘67 161 ‘ 2°30 
6700 “a0 160 242 
5280 “G3 ‘ 168 4 Q54 
4224. ‘71 ‘ 10. "4 288 
3620 7) ‘ 210° Z g10 
017 ‘87 ‘ 2°20 "04 3:48 
2010 aa Q47 B75 
Tntorpolated| — 00 2°63 ; 3-00 
gig 106 2'70 424 
Intorpolated, Tat 204 447 
1700 116 309 i 4°69 
Trtorpolatod,| 121 | 2 9:25 . AO 
1608 126 "ly B37 ( 512 
Interpolated, 18t ¥ 3°60 g 531 
120 186 2 808 | 44 BS) 
Tntorpolated, 146 : 8°87 ‘ 5°88 
1058 14 411 
Tntorpolated.| 1-42 433 
BHO V7 Z 465 
{ntorpolated| 1:78 “8 £70 
WA LAG 407 
Tatorpolnted, 193 327 | 616 
660 201 3p 535 
Tuterpolated 9°07 B51 568 
587 Qt ang 672 
Intorpolated| 220 | S74 | 6:80 
G28 2°28 B85 6:07 
Tnierpolated| 2'38 SDS | OL 
480 a40 | 408 | ado 
Intorpolatod 2-46 416 | O57 
dd0 2°62 427 (73 


uN) 
0 
1 
1 
1 
1 
2 
2 
2 


Bernarssoresese ser 
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432 AIT, DISCHARG. OF WATER Frost 


TARLEE VUL lar finding the Mean Velocities af Water Howin 

tn Pipes, Mraina, Steaua, and Hives, “ 

Por fill eylindvienl pipe, divide the dinmotor ly 4 to find the 
hydrantic medi depth, 


Diameters of pipes} iach to inches, Balke per mile V3 feat t 
BAKO fret, : 








SHyaantles tree dagthog a yom alll 
eluelelvn iniustien por aeente e 








































































































































dh, Wottnntiooy Patek EA tuts Pf tues | twos | anch, 
Aha ary Boi wi | TG) wie | og 
WA Tnterpotutudy 7) aii To 27 7. 1008 

i Vek Bri wa tl? Ta? eld | 118 
Led futorpelatad) wae a7 ye dd | Add 
Mirl 60 wee? NG TAG R21 Teas 
Ved Interpolated.) get wnt THE | LeU | 188 
Lig Br wou 607 Pi} Weed | 1g 
Wwe aa wd ano WwH7 172 | 10°70 
WwW Y76 ay Oy eNO 1? 18°36 
Qed van atk (Hit yea Thao | dao 
hp BrUTy V7 (edit {PH Wh | 1409 
Qed Qd0 eit 70 7) WNT | Lat] 10-04 
dod 17h RA Td Vt Has | 1738 
wh ho AOR veld Wav Wa; THO 
N77 0 Sar Hed hvao | Tad | lyr 
Ad WG Gell tu] Bean | 17 RU 7 Broo 
An yyy lyst ijn sas AA) GOT 
H2'8 Waa wit lana lien | gone) 4-068 
O87 4K) ans lod | az bd | Qaen0 
«ay RO 78 Ud? Weld | aeTy | dag 
md vi) TS ied ah | 2073 
KH’ wo Hs heat 87H | 8200 
load fy Ao Tod HOt | 8037 
N78 df Wh? Hoya Be70 | BN 
ie A Udy 17? woud | Aloo 
lik na Weil Hd ned | d610 
17th go ATH] dil 
Ww AG | G80 

Vth Vd | 330 

VHB) WH? | 788 

78 AOTE | Gage | ALO | 0805 

Ra a7 OTF BUEQD | 10225 

QT ATA pee | yest ) yooh 

Qiay Atha gela | Toad | pa bt 

W206 Alda HOB | LOB | 12066 

On G Aus Gah MER | BRVGE | LLEO2 
Taw 4 Ae WM | LORE LAZU | LOL 
T7d0" , i APS sia | Ped | U7 | 1216 
2010+ Q HVAT Loon | TaneA | BON LE | 10°70 
H2H0+ 1 ah 1MAp7 | Vagos | sola | 96070 
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ORTVIGES, WHIRS, PIPES, AND RIVERS. - 433 


TABI VIIT.—lor finding the Mean Velocities of Water Slowing in 
Pipos, Drains, Sueans, and Rivers, . 
Vor a full cylindrical pipe, divide tho diametor by 4 to find the 
hydraulic moan depth. 


Diameters of pipos 2 inches to b inehes, Falls per. mila 1 inch to 
12 feet, 















Fata por nllo i foot ant 
Mehow, mud Lhe 


‘Hydrantio menn doptha," or monn reds," and 
hydrnatio Inethnationy, } 


veloviticn Ju iieltos por geaond, 





val Anetiuattomt TA gman | Pinon |Z tact | Lino | Lim. im. 


torpolated, 





i} 
: 


ve < 

0 1 68300 “Ob 73 wi “85 ‘96 
0 2 31680 102 113 123 1:38 149 
0 3 21120 130 15 L658 1:70 101 
0 4 16840 164 P71 V87+| 2-01 226 
0 6 12072 1:78 15 218 2:20 268 
0 6 10660. 1:06 217 26 266 286 
0 7 OSL 2:18 237 258 2°78 3:18 
08 7020 20 266 278 3°00 3:37 
0 0 70A0 240 273 2408 321 3:61 
0 10 GRAIG 201 200 316 340 3°83 
011 5700 276 3:06 333 3°60 404 
1 0 6280 280 821 360 377 4°24 
14 A224 28 odd 307. | 427 481 
1 6 8620 BO3 OR 4:30" 4°73 682 
1 0 3017 306 4380 7) 616 5°80 
20 2040 26 473, 616 655 625 
2 3 [Interpolutodf 446 | BOL | 660 | 602 GGG 
2 6 2112 488 636 68d 629 707 
2 ) [Tubtorpolated]| G09 Gd O15 619 716 
Boo 1700 3d: 592 6-46 6°06 7°83 
8 8 (Interpolated, #68 | &lp | 675 | 727 | 818 
38 5 1608 B82 OG -] 70k 7TbO 8°63 


B06 071 731 7:88 8:86 
768 8:17 919 


30 abort nteut 
840 | 871 | 980 


820 


L 6:27 605 
4 (6 |Intorpolatod, 


060 TAQ 








6 0 1060 TO 7°88 850 926 | 1041 
6 6 |Intorpolatod.) 748 830 | Db 76 | 10°07 
a 0 880 F780 872 151 | 1026 | 1153 
G 6 |Intorpolated| 8:22 O12 | OM | 1071 | 12°05 
7 0 764 8-57 OSL | 1037 | I117 | 1257 






10°78 | 1162 | 13-06 
1118 | 1904 | 1354 
11°66 | 1245 | 1401 
J1O£ | 1986 | 1417 
12°31 | 1826 ; 14-91 
19:67 | 13°65 | 16°36 


82 989 
OQ | 1026 
0H {| 10°60 
9:87 | 1006 
1018 | 11°28 





7 6 |Intorpolated, 

HO 60 

8 6 [Intorpolated, 
587 






) 6 |Intorpolated, 




















10 0 628 1048 | 1162 

JO G  jTntorpolatod| 1077 | 11:06 | 18-08 | 1408 | 16°78 
110 480 Pon | 1227 | 18°88 | 1441 j-1621 
11 6) Watorpdlatod] 184 | 12:68) | 13°72 1482 16-64 
12 dO 11°62 | 1980 | 1406 | 16°22 | 17-07 











Fr 


Ad. THE DISCHARGE OP WAERID PROM 
TABLE Vi Fomor ginding the Mean Velacitien of Watey flowing in 
Pipes, Paina, Stereum, and Livers, ‘ ; 


Vor n fall eyliudrical pipe, divide the dimoter hy 4 to find tho 
hyelrautioc uae depth, 





Diameters of pipes 8h aches teh inches, Malls per milo W Jeet to 
SHH Fred, : 





Valte por mite dn gyn, wast glows 
hydrants fuclluntlones, 











































"Myst oaths savants shopsftiiy” or nen radi, 
sud Velovitlos dn baeten por nevands 



































ult, Huethinttows TF tet, | ft trot | Hiner. | L toon it. ine 
erpolated, 

12 on evo} dea | oresa | iene | urog 
700 [Dxterpolteats Led | Wet | 168 | reat 
Teel Bit Tedd Lon 7 TAB | 18-06 
16 [Milorpolated. Lyan \ W700) LM | 10g 
1 v6 tide | doo] Teer} ldo 
160 {Inlorpalatod Se UU aT 
102 hs Iki} 1 | PTA me eT 
170 00 Peds | TO | T7R PLR) 818 
wa 226 Viel dene | 1ea7 | ib | ga96 
Qn on0 Tsu} WO | goDl | gage 
One oi Ho | Bade | amer | ano 
a0 200 woe | Gen7 | why) eI 
aoe 17h ERT | MING | RGD | 2600 
ane Mw area {athe eke fede 
37-7 1a SO ey ae CL 
4nd 1h Meee | oro | oaba7z | aod 
4X 110 Toman} avi] aa 
o's yon mato) wean | aoa 
HW any MOR | BPA | dead 
(ue 8O AMPH | der | Abed 
wid 7 AVL | dor | dan 
AAND an dda | das | Gt 
1asd ho { aod | dogs 
onvaD) ah | Hdd | OHH 
Ise ag Gro? | Wa7 
08 OG He) eu t Gaeag | 7580 
17" yo ast | daz | UT | 70 | aod 
2102 Qi we77 | 7hOp | BLOT] OBL 
200 2D TR? | ATL | AD | 1d HO 
BHM ih weod | Lovad | V7 | 12601 
698° w tate) en? | edo | 1007 
GAG oY Wapeade | Dez 1700 
G0 # B : View 82°78 
TAS 7 Whew | ae Wht 17:07 
BRO a Lazy | invade | 17a 2122 
Tei i Tibet | ARETE | TART? Odds 
13a) 4 Isiepy tinal | eeipan | Bray | 872-00 
1700, i whi | dered | ide | QaeRE | 82043 
2040" 2 wab7n | topzie | dle | aiirke | 0137 
5280" 1 Ave | doun7 | aM | geez | Oe8e 




















ORIFIONS, WETS, PIPES, AND RIVERS, ‘A835 


PABLE VITL—Hor finding the Mean Velocitics of Water flowing in 
Pipes, Drains, Streams, and Rivers, 
Vor w full cylindricn! pipo, divide tho diamotor by 4 to find tho 
gdrvalis moan depth, 
OPEN DRAINS AND VIPES, : 
Dianotors af pipos 0 inches to 12 tnehes, Talis per ‘mila i tnoh 
to 12 feet, ‘ 





paaneavonemcs 
Valli pov site in took mat 
Anehiani, wud tho 
hydranllo Inelluntlons, 






















“Vydrautia mean opie," or * moan yadll? and 
yolovitios iu inches por second, 





1}: in. ine | & inotios, [24; inches} 8 tihos, 
torpotated, ~ 





Tnelivallons, 
ono fe 















































































MOD s . 7 
ol 63300 116 | red f 1M | 156 
0 2 31680 ‘ 1:80 194 2:10 241 
0 8 21120 212 930 2:48 2:80 3°08 
4 15M0 252 273 204 B84.) B65 
0 6 12072 2-66 Bel 3°36 377 4:16 
0 6 10500 88 346 3-72 419 462 
U0 7 9051 B47 377 4:06 4:68 504 
O8 T20 B76 4:08 438 add Bedd 
0 9 700 401 434 | 468 | G28 | G81 
010 6880 4265 461 407 5:60 617 
O1L 5700 44) | 480 | Gt | BOL G51 
14 O280 v7 oi 661 6:21 O84 
1: A224 Gat | GD | CQL | 703 | 7-76 
1 6 pA20 hol O41 6-01 770 8:58 
1 0 BOLT Odd ano THB 849 985 
2 0 O10 Bos, 763 8'll Old | 10:07 
Qi Interpolated) 740 803 8°05 O74 | lO 
2 6 9112 780 | 862 ; 918 | 10°36 | 11:40 
2 0 |Intorpolated.| 828 | 898 | O67 { 10:90 | 12°01 
BO 170) 870 O43 | 10°16 | 11-46 | 12°62 
ag Trtorpolatedy Wan O'86 | 10:02 | 11:97 | 19°19 
a0 10 O48 | 1098 | 1108 | 1e48 | 19-76 
8B 0  [Intorpolatod| o-s4 | 1067 | 1150 | 12°96 | 1429 
4 0 Hu 10-21 | 11°07 | 1103 | 18-44 | 14-81 
4 6 [Intorpolated.[ 10:80 | 11°8D | 19°72 [ 148t | 16:80 
65 0 1050 1166 | 1964 | 1951 | 16:23 | 16-78 
6G |Mntorpolutod| 1218 | 1821 | M24 {16-04 | 17°68 
60 sa 12-80 | 13°88 | 14-06 | 16:86 | 1858 
GG [Intorpolatod,| 13:38) | 1451 | 16°64 17-62 | 19:42 
7 0 Th. 13-96 | 1614 | 16°83 | 18°30 | 2026 
7 6 {Mntorpolated.} 1461 | 16°73 | 1605 | 1010 | 21-06 
80 00 16:05 | 1682 [17°58 | 10°82 { 21:84 
8 6 |Intorpolatod.| 16°56 | 16°87 | 1818 | 20-49 | 22°58 
9 0 687 16:07 | 1748 | 1878 | Q117 | 23°32 
0 6 (Interpolated. 1657 | 17°97 | 19°36 | 21°82 2404 
Ww 0 628 1706 | 1850 | 1904 | 2247 24:76 
10 G — |Interpolatod,| 17-54 | 19°01 | 2040 23:00 J 25:45 
ll 0 480 1-0L [19:53 | QOL | 28:72 2618 
11 6 Mnterpolated,| 1847 [| 2002 | 21-57 | 2482 | 26°79 
200 Ad0 J802 | 2051 | B12 | Qk01 | 27-46 
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PAB YELL Kan finding the Mean Velavitien af Wator flowing in 


Dims, Drains, Stans, and Hirer, 


Vor ov fall eylindvical pipo, divide the dimmoter hy 4 to find the 


Tydvantio nen deptle. 


Dianetars of pia Uo inches to VA duvhes.  dudla por rile Jest 
to GANO fret, 





Palla por rato In feet, and thy 


hydraulle frolnatiomn 


Falls, 
an a 
We 
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ot 
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70 
ne 
Qu 
2H 
264 
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O77 
sg 
4° 
628 
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aR 
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182 
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BGR 
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G0" 
*, TOA 
880" 
1058" 
1820° 
1760°, 
Q040> 
520° 
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ay 
BB 
40 
26 
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22 tates, 
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Racy 
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QP 
RUT 
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HQ 
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PET 
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AKA 
aad 
WI 
10718 
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M708 
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MPA 
DA 
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Sth nchen, 


200 
wea 
ATH 
QT 
ghd 
Ai) 
whan 
AO-OD 
whiz 
Bd 
Mh 
aD} 
AvQR 
OG 
dbl 
Bis 
idk 
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teed 
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MDs 
BATS 
Weed 
london 
Liyog 
lge7h 





Ab 
dG 
MAT AL 
Qa 20 
eo) 
I Ea) 
vORDL 

AQh80 
GHP 
ATU 





3 inohow, 


28:08 
RDG 
4006 
80-07 
8127 
Bit 
aad 
M6 
Sis 
BT 
A028 
2 
Ait) 
GON7 
Fabry 
fiv7h 
aply 
(407 
tess 
youre 
70h 
a7 
W777 
W417 
11R84 
Wed 
Md 10 
1-06 
17018 
20260 
26621 
Q7LR7 
M7 
Ha 
M1867 
AST 
4O066 
GUG67 
17-08 
(OL 


Mf tuohes| 
Bld 
3203 
82:02 
19:27 
BdNB 
84406 
Bo 
87-08 
DSO4 
ALL 
471 
4av7i) 
60 66 
65°30 
57-08 
Wei3 
06-33 
70°17 
24-68 
Buu 
A072 
5-00 

10008 
11803 
121-36 
19466 
144-41 
161-20 
18405 
210-72 
280°16 
Dog 
31072 
M677 
87820 
AQ7 
d70-03 
G0rdD 
Ws 
101044 
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TABLE VIIL—For Jinding the Mean Velocities of Water flowing 
in Pipes, Drains, Streams, and Rivers. 
For a full eylindvical pipe, divide the diameter by 4 to find the 
hydraulic mean, depth, 
Diameters of pipes 14 inches to 22 inches, Falls per mile 1 inch 
to 12 feet, ; 







































Falls per milo in feet and “Hydyaullo wean depths," or “ mean radii,” 


inchos, and the 
hydraulio inclinations, . And velocities in Inches per second, 





Inolinatt 
Falls, onein” [8% suches,| 4: inchos, |4-} snches.| 5 inches, {64 inches, 





63360 168 } 180 | 191 | 202 | 913 
31680 261 2°81 208 B15 332 
21120 3:34 3°59 3°82 4:08 424 
16840 3°96 426 452 478 502 
12872 451 484 515 544 572 
10560 501 5:37 572 6-0 O35 
9051 547 5:87 624 660 OOL 
7920 600 6:33 6:74 Th 7:48 
7040 6:81 677 7:20 761 8:00 
6386 6:70 718 764 8-08 8:49 
5760 7:08 758 8:08 852° | 8:96 
6280 742 7-96 8:47 895 9-41 
4924 8-41 9°02 96 1014 | 1066 
8520 931 9:09 | 106 11:23 | 11:80 
8017 1015 | 10°89 | 11°58 | 12:24 | 12-86 
2640 1093 | 11:78 | 1247 | 1818 | 13-86 
Interpolated} 11°65 {| 1250 | 13:30 | 1405 | 1477 
2112 12°37 | 18°28 | 1412 | 1498 | 15°69 
Interpolated! 18-08 | 19°68 | 14°88 | 15:72 | 1653 


et 


SASHSIBSOROAGCHASCASCAGCOABOSAWOHANOCESOMYRAMARwOYWEN 








ad 
SOCOMMONINGOATARMOHWWNYNONYNYHH EH OOOCOCOOOOOOY 





1760 1860 |.14°60 | 16°63 | 16:52 | 17°36 

Intorpolated| 14:31 | 15°35 | 1633 {17:26 | 18:14 

1608 1492 | 16°01 | 17°08 | 1800 { 18-92 

Interpolated) 13°50 | 16°63 | 17-69 | 1870 | 19°65 

1820 16-07 | 1725 | 1835 | 1930 | 2038 

Interpolated) 17:14 | 1839 | 19°56 | 20:68 | 21°73 

1056 1821 | 19°68 | 20°78 | 2196 ; 2808 

Interpolated) 1918 | 20°58 | 21:90 | Qd14 | 24:32 

880 20:16 | 2163 | 2301 | 2432 | 25:56 

Interpolated] 21-07 | 2261 | 2405 | 25-42 26°72 

764 21-98 |.28%9 | 25°09 | 26:52 | 27-87 

Interpolated.| 22°84 | 24:50 | 26:07 27:55 | 28-96 

660 23°69 | 25-42 | 27°04 | 2858 | 80-04 

Interpolated] 24:50 | 26:29 | 27:07 | 20:56 81:08 

587 25:31 | 27-54 | 2880 | 30-53 | 32-09 

Interpolated 26:09 {27:09 | 2978 | 31-47 33:08 

528 26°87 | 28:83 | 30°07 |; 32-41 } 34:06 

Interpolated 27°61 | 20:62 | 31:52 | 33°31 3301 

1l 480 28:35 | 3042 | 82:37 | 8420 || 35°05 

il Interpolated] 20°07 j 31:19 83°18 35°07 36°86 
12 440 29°79 3400 | 3593 
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‘TABLE VIIL—For finding the Mean Velocities of Water flowing 
in Pipes, Drains, Streams, and Rivers, 


The hydraulic mean depth is found for all channels, by dividing 

the wetted perimeter into the area. 
Hydraulic mean depths 6 inches to 10 inches. Falls per. mile 1 inch 
to 12 feet. 


Falls per mile in feet and 
inches, and the 
hydraulic inclinations, 


4« Hydraulle mean depths,” or «mean radii,” 
‘and velocities in inches per second, 












Fate Inelinations, | & saches, | 7 inches, | 8 saches, | J inches, {1G inches, 
RoW x 
ol 63360 223 | 241 | 268 | 275 
0 2 31680 347 | 376 | 403 | 4:28 
03 21120 4:43 480 §16 5°47 
04 16840 5:26 569 G10 849 
0 6 12672 5-98 648 6-95 7:39 
0 6 10560 665 | 720 | .7-72 } 820 
07 9051 726 786 8-43 8-96 
08 7920 783 8-48 9-09 9°67 
09 7040 8387 | 907 | 972 | 10:88 
010 6386 8-88 9:63 | 1032 | 10-07 
oll 6760 9:37 | 10:16 | 1089 j{ 11°67 
10 6280 984 | 1067 | 1148 | 12°16 
1 8 4224 1116 | 1209 | 12°95 | 18:77 
” 1 6 8520 1236 | 13:38 | 14°84 | 16°25, 
1 9 3017 13-46 | 14:58 | 1563 } 16:61 
2 0 2640 1460 | 16:71 | 1684 | 17:90 
2 8 Interpolated.) 16:46. | 1675 | 18°24 | 19:08 
2 6 2112 16-42 [17-79 | 1984. | 20:26 
2 9 |{nterpolated.| 17-20 | 1874 | 20°37 | Q1:a4 
8 0 1760 1817 | 1969 | 21:10 | 2242 
8 3 {Interpolated 1809 | 2067 | 22°05 | 28-43 
8B 6 1608 19°80 | 21-46 | 28°00 | 24-44 
8 9 {{nterpolated.; 2066 | 2228 ( 2888 | 25°38 
4 0 1820 21:88 | 2311 | 2477 | 26°32 
4 6 futerpolated.| 22-74 | 2464 | 26'41 | 28°07 
5 0 1,056 2416 | 2617 | 2805 | 2981 
& G8 ([Interpolated,| 2445 | 27-58 | 20568 { 31°42 
6 0 880 26-75 | 2898 | 3106 ; 83°02 
6 6G [Interpolated.| 27:06 | 8029 | 92°47 | 3451 
7 0 764 29:17 | 81:60 | 38887 | 36°00 
7 6G {Interpolated.| 8080 | 2283 | 35:19 } 37°40 
8 0 660 8148 | 3406 | 8660 | 38°80 
8 & {Interpolated} 32:51 | 26:92 | 87°75 } 4012 
9 0 687 83:58 | 3639 | 88°09 | 4145 
9 G [Interpolated] 34:61 | 87:50 | 40°20 42°72 
lo 0 628 BSe65 | 88:68 | 4140 | 44:00 
10 6 ‘Interpolated.! 86:63 | 89°69 | 42°64 4522 
11 0 480 37°62 | 40:76 | 48°69 A644 
11 6 (Interpolated) 89:57 } 41:70 | 4479 | 47-61 
12 0 440 30°52 | 4982 | 4890 | 4878 
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14:54 
16:10 
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42:37 
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46:46 
A775 
49°03 
5027 
6151 
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TABLE VIEL—~For finding the Mean Velocities of Water flowing 
in Pipes, Drains, Streams, and Rivers, 


The hydraulic mean depth is found for all channels by dividing 


the wetted perimeter into the area, 
Hydraulic mean depths 24 inches to 4 feet, 


Falla per mile in fect and 
inches, and. the 
hydraulic ‘inclinations, 


to 12 feet, 


‘© Hydraulio mean depths,” or * mean. radii,” 
‘and velocities in inches per second, 


Falls per mile 1 inch 





Falls, 


Inclinations, 
one in 


24 inches.|80 inches.|86 inches,|42 taches,|48 inches.| 
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683860 
31680 
21120 
16840 
12672 
10560 
9051 
7920 
7041 
6886 
6760 
6280 
4294 
3620 
3017 
2640 
Interpolated. 
2112 


Interpolated, 
1760 
Interpolated, 
1608 


Interpolated, 
1820 
Interpolated. 
1056 


Interpolated. 
880 

Interpolated, 
764 


'Interpolated.| 
660 

Interpolated. 
* 687 

Tnaterpolated. 
528 

Interpolated, 
480 

Interpolated, 
440 
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7-09 

9-06 
10°78 
12:22 
13°57 
14°83 
16-99 
17-10 
18°16 
19°15 
20°11 
22°78 
25°23 
27-49 
29°62 
81°67 
83°53 
36°32 
871L 
83°78 
40°45 
42-00 
48 60 
46°45 
49°34 
61:09 
64°03 
67-11 
69-58 
61°39 
64-21 
66-40 
68-69 
70-60 
7281 
74-83 
78-84* 
78°78 
80°72 
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22:58 
25°53 
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86-92 
80:52 
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96-86 
99-25 
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75°03! 
79-21 
87°20 
85:37 
88:26 
91:19 
94-00 
96°81 
99-40 
10217 
104-76 
107°33 
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TABLE VII.—For jinding the Mean Velocities of Water flowing in 
Pines, Drains, Streams, and Rivers. 
The hydraulic mean depth is found for all channels by dividing © 
the wetted perimeter into the aren. 
Hydraulic mean depths 8 feet to 12 feet. Falls per mile 1 inch to 
12 feet, 


Falle per milo in feot and 
inches, and the 
hydraulic Inclinations. 


“ Hydrautio mean dopths," or “mean radii,” and 
velocities in inches por second, 

















Falls, ‘Tnclinatlons, $96 inches| 108 120 182 144 
one In inches, | inches, | tnches, | inebes. 
Roo if 
01 $3360 9:18 0-76 10:28 10:79 1127 
0 2 31680 1482 | 16-20] 16:08] 1682! 17:67 
0 8 21120 18:30 | 19-48 | 20-49 | 2160) 22-46 
0 4 16840 2169 | 23°02 | 24281 2647) 26:62 
0 6 12672 24-70 | 26:21 | 27-64 | 20:00] 38031 
0 6 10560 27-48 | 29-11 | 90-70} 3221 | 83°66 
07 9061 20-06 | 31-80 | 33°53 | 8818) 86:76 
0 8 7920 82-32 | 34:30 | 3618] 87:96 | 389-66 
0 9 7041 8455 | 36°67 | 38-67 | 40:58] 42-40 
010 6336 86°67 | 88-02; 41-04 | 48:07] 45:00 
0 IL 5760 38-69 | 41-06 | 48-31 | 4544] 47-48 
10 6280 4063 | 48°12 | 46-48! 47-72} 40986 
1 3 4924 46-04 | 48-87 | 61-64 | 54:07 | 56:50 
1 6 8520 60'08 | 64-11 | 67-06 | 69:87 | 6266 
19 3017 65°60 |} 58-06'} 62:18) 65:26] 68:17 
2 0 2640 59°85 | GB52 | 66-08 | 7028 | 7344+ 
2 8 |Intorpolated.{ 63:80] 67-72} 71-41) 74-93*| 78:29 
2 6 2112 67°76 | 7iOL | 76:84*| 70:58; 88°16 
2 9 [Interpolated 71°38 | 75:75"; 79-89 | 83:88 |. 87°59 
8 0 1760 75°00"; 70°50 | 838-04 | 88-08} 92:03 
8 8 [Interpolated} 7887 | 83:17 | 87-71 | 9203] 6716 
8 6 1608 81-74 | 86°76 | 91-48 | 95°99 | 10030 
8 9 |Interpolated.| 8488 | 90°09.| 9501 | 9969 | 10416 
4 0 1820 88°03 | 93-43 | 98-53 | 103-38 | 108-02 
4 6 {Interpolated.{ 93°87 | 99-62 | 106-08 | 110-24 | 115°18 
6 0 1066 90°70 | 105-82 | 11189 | 117-09 | 122:34 
6 6 |Intorpolated.! 165-06 | 111-49 | 117-58 | 12838 | 128-01 
i 0 880 W041 | 117-17 | 128-57 | 129°66 | 13648 
6 6  {Interpolated.| 115-40 | 122-47 | 120-16 | 135°53 | 141-61 
7:0 754 12-40 | 127-76 | 184-75 | 14130 | 147-78 
7 6  {|Interpolated.| 12507 | 132-74 | 189-99 | 146-88 | 153-47 
8 06 660 129-75 | 187-70 | 145-22 | 15238 | 160-21 
8 6 {Interpolated.] 184°18 | 142-40 | 160-18 | 167-57 | 164°64 
9 0 687 188'60 | 147°10 | 165-18 | 16277 | 170-07 
9 6 {Interpolated} 142°87 | 161-63 | 150-01 | 107-78 | 176°81 
10 0 528 147°14 | 156°16 | 164-68 | 172-80 | 180°55 
10 6 jIntorpolated.} 161-21 | 160-48 | 169-24 | 177-68 | 185°65 
ll 0 480 15529 | 164°80 | 178°80 | 18236 | 190-54 
11 G  fnterpolated.{ 16921 | 168-07 | 17829 | 18607 195-38 
12 0 440 16813 | 178713 | 18259 | 191-58 | 20017 
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Bay finding the Discharge in Cubie Bret pee Mou, 


when the Dinavter of a Pipe, a Ohitivs, nul the Velooity of 
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PARLE [X.—lior nding tho Discharyo in Cubte Feet, por Minute, 
whor the Diameter of « Lipo, or Ovifes, and the Velocity of dig- 
oharye aro known 3 and vieo vers, 


Discharge fi cuble fot por minut, for diforone voloattless 


Volovkty of YVelactty of | Veloolty of | Voloctt: 
600 tnehos W00 Inchow wu inches 000 ingen 1a ee 
por seven, pur second, per Hecon per second, per scvond, 


10227 11031 18085 | ost | 7044 
40000 | 7784 | 452 | 1950} 68177 
P2030 10-7370 12-2718 13-8068 16'8308 
1O8686 UW) O806 218100 845487 27-9708 
25506 QNROTL BL ORBG SRD40G, 429106 
HOS LG 42 1615 AMARTH 66-2234 619608 
601100 GBAGLT OOHIBL 75°10650 83'5167 
Hid TOBH82 87205 981748 | 100-0831 
SOHO AGO108 | 1104406 | 124-9595 | 1380588 
WQ2094 | 118006 | 196588 | 163-8081 | 170-4493 
TQG7ALL | Wd4sodd | 16L08K2 | 185-0117 | 200-2959 
147-2021 1718069 | * 1968408 | 2208038 | 245'4300 
1728286 | 201-6399 | 230-4980 | 9502498 | 288'0476 
QOL | QASBIOR | 2072596 | BO0-GE0R | 584-0000 
20071 QU844N7 | 8007009 | 8461457 | Bxd4052 
QOL | HOG482G | BdNONHD |. 8N2-6UNL | 436'9823 
QZ 1 MdwOds | HOdOG | 443-8206 | 4926783 
ONLI | B8OGOB2 | 441-7805 | 407-0008 | 6522381 
HOOTISL | 1807077 | 402 2074 | 6637071 | 615-2068 
AOMOGTH | ATTIRE | GAH LG4 | G13°6023 | 681-7002 
AHO | 68O1664 | 6018206 | 676-4866 | 751-6500 
ADCNGMG | G774G8O | GOOG | 7424407 | B2d-N408 
GAOORBO | -GALTA7O | 721811) | 8114760,, 9018800 
GHOOANE | O872205 | 7852082 | 883-6780 | 081°7478 
GINIHN7 | 7AGORHS | BAY | 0587981 | 10052045 
COLI | BEGHBBO | 021°7420 | 10800710, | 11521900 
TAGGIAT | 8U0-7072 | 004106 | 1118 8721 245, 
HOL7G0B | U8HARZG | LOKOOLdE | 1202-6412 "2680 
AUST | LUOKBNRD | 1140'78H0 | 12090770 | 1433-4100 
PQo-aes | 10737800 | 12271H47 | 1880-5828 | 14839800 
OH7 7 | 11AGGO55 | 18108006 | 1474 1660 | 10870507 
171076 | 12QL7a05 | LINGO | 1670-7004 | 1746°3203 
Lsadazy | 1878102 | 16762500 | 1778-2810 | 19703182 
TQHaS | 16102588 | 1767-100 | 10880803 | 22089826 
24707289 | 17Q2Ra10 | 1NGRIOT ) 2215-0081 | 2461187) 
1036-2403 | 1WOHNGIO | 21810817 | 24549001 | 2727-0771 
LHOPDOLS | 2046218 | 2 820 | 27050423 | 8006 6025 
TI7HRGSN | 2800843 2000°7870 8200°7638 
S1GHNG7 | 26215017 8216-0096 | 36065505 
oGulodd | 27d8-enn7 | 81416998 | 85942019 | 8926'0910 
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TART Noo dae finding the deptla uf Weirs of digievent lonyths, 


the quantity dichinged over vcteh being itpposed constant, 


Bou pnygee S70 ad B71, 
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LABLE XI—Moan relative Dimensions of equally Discharyt Tr 
aoidal Channels, with Side Slopes varying from 0 tol, Hy a8 tol. 


Tut sum ef the top and Dottom is the moan width. 1 Nhe-ratio of 
tho slop, multiplied by the depth, subleactad from the mean 
width, will yive the hotiam; and if added, will give the top, 


Tanne NIX. gives tho dixchutyo in onbie foot por minuto from the 
primary channel, 70 wide, und the vorresponding depths taken 
in foot Mor lossor or grantor channols and discharges, seo 
Tales, pp. 227, 220, 284, 24d, md 8H2, 

nett nettanns ttn ennai ieerenneeee 

Tho wome witha ave given dn tho. Lop horlzontal Hine, and the oneresponding depths in 


the othor Dorleontal Hue ‘hoy may he deter ty vi 
Aug thor mewn shapes, 8 MY Ne Aken In Inchos, foot, yards, fathoms, or 
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TE DISOUARCIS OF WAIDELE FROM 


GAUL NIY—Disoharyes from the Primary Channel in the Jivst 


colina of ‘Tabla NT, 


oy on a + er mig 
Tf Qs dimensions of the primary chanel te in inahes, divide 
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wissen fan tlie Gabler try 600.5 G0 in yards, maldiply by 


LeO; it in quarters, multiply by a8 sound if in fathoms, by 
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por eon, a OT in 100, 
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LABLE SIL—Discharges from the Primary Channel in the first 
column of Table XT. 


If tho dimonsions of the primary channol be in inchos, divide the 
discharges in this tablo by 600; if in yards, multiply by 16°6, 
if in quartors, multiply by 82, und if in fathoms, by 882 etc. : 

‘The final figuvos in the discharges may 

ho rojocted when thoy do not oxcoed one-half por cont., or 05 


BOO pp. 233 and 284, 


in 100, 


Filla, Jnoltantions, and discharges in cubic fect por minuto, 
Tntorpolato for Intermedinto falla; divilo greater falls by 4, and 
Woublo the corresponding discharges, 


Soo pages 226 to 234. 





18 Inchea 
poranila, 
Lin 8520, 


748 
1387 
Q1A5 
BO0L 
HO57 
Ag0L 
Sanz 
7200 
8b Ld. 
pedo 

TL182 
12601 
Loa) 
L660 
12167 
18700 
ROLTO 
QQ10L 
QH81H 
A600 
RThI0 
A318 
1206 
SOLeL 
46120 
87100 
ALLO 
AL LB 
13273 
46407 
ATG), 
OLOLL 
GOL 
GLOLL 
06718 
7ObOI 
TO3KR 
80870 


21 Inches 
por mito, 
Tin 3047, 





RBL 
SLi 
LAL 
a8 
QTL 
ASL 
5122 
1623 
7020 
1284, 
Loo 
12185 
18730 
asl 
LOWT 
LAUT 
20440 
QUQ47 
21087 
AGO 
RTA 
R100 
B10d7 
4002 
BOLL 
88266 
AOL38 
AQGIL 
4872 
AT 168. 
L068 
61818 
5580 
GLGOB 
6600 
71628 
TORUS 
AQ150 
47500 





86107 


93008 


808 
877 
‘L027 
2516 
N27 
A045 
6850 
716) 
BHAL 
1905 
11580 
18162 
14821, 
Lonan 
18306 
20144 
AQ0N0 
2 
2HHL7 
R70 
80100 
82247 
3408 
POUR 
UBHNT 
A1223, 
AIG5O 
AGNRE 
ASHL3 
60807 
63300 
65882 
60073 
66176 
71026 
TAO 
82770 
88154 
A848 
100275 





por mil 
I in 2016, 





823 
980 
1786 
ABA 
8763 
4.006 
0274. 
7681 
“M124 
10658 
12807 
14007 
16780 
17016 
W517 
21160 
23180 
R547 
27062 
QNBL1 
82000 
ABEL 
8QU0T 
80050 
41482 
AB0Gd 
AGL8H 
48063 
H1597 
64162, 
GHBLO 
§0614 
HAT 
70123 
TU408 
82260 
88200 
NAS 
100016 
LocN11. 


80512 
48058 
AMO 
Ad018 
6072 
4.0980 
61008 
64728 
67614 
808L1 
68200 
60013 
T6017 
8LO07 
87361 
99781 
100200 
100823 
113505 


jor milo, 


112, Tn 1020, 


362 
1040 
1062 
3023 
4207 
5653 
0002 
8540 

10200 
11928 
19741 
16650 
17057 
10008 
21840 
24017 
26200 
28578 
80034 
38081 
SOLO 
SBA71 
41056 
18080 
40998 
ADL74 
61061 
64776 
57059 
60586 
63560 
00676 
72094 
79017 
86426 
92016 
08720 
105550 
112540 
110016 


Af inchea | 27 inches | 80 inches ; 83 Inches | 86 inches 
Par mille, por milo, 
in 2347, | Jin 21 


AOLIE 
481865 
46896 
48747 
51064 
54580 
67550 
60580 
68666 
6784. 
60051 
70383 
82904 
89707 
966653 
108745 
110905 
118264 
126061 
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460) IE DISCHARGE OF WATER FROM 


TATE NUPoothe Square Hunts uf the {fat yanwera af mnabers foy 
inding the Dinacter of a Tipo. ar dimensions of a Channel from 
the Discharge, ar the Morerse ; uhowing the relative Discharging 
Powers af piper of dighveut Diameters, and of any sdmilay Channels 
whiterer, closed ar nqwn, Rew page HE, SE, EE ate, 

Ud ho the clinmoeter of a pipe, br tet, auto the disehargo in 
thie fiet por mite, ther tie lee stradht pipe we shall havo 
for yelovition of nenrly fH feet ya avon, tes RAO a) and 


th pes un( 














Yi aif he the discharge por second, pes 10 (5), 


wyt ‘ \ 
und does th ( ‘ ) 6 Bev phqyen E00 fa 2st, ned pgs 18 and 13, 


emer aers ieee) 


otattyo, Relutlys |, | Relate Uetative 
linen. | Helottye | ia Hetettve T tinvane | Hetottye Tisai 
Oe ane 7 tt chinane | ie EE stuns or 
attanietens} | Mt pawnte, [lianas og, plbuactena 
tf yulpos, | BOWEN doewrten Tap plpees | PONE Pag dy, 


Molatlyo 


Mecha Masha 
iy 


yuward, 


a5 : tov | whee | tot onan iG SHAN 
h i agba pie inva Ut sone 
te | tte | tba [oo hg LGU 
ana Patt aye ee BeTGne 
teed pith Vanes (ite HANG 
CA ae (fale ye MRR: 
bee IHD vee Md 
: us wil: Wee) REL 
MUD HDG Uhl tits AER 
Wabeg Pie qh AUD 
shh of fii sep ads Whe BP 
th y | AOE Hg Bde] AMUN 
eit What althle HUM wile AGHA 
cy ee st VET pie Heys ihe ATM: 
Wt sth di] DIME Pee RHE tiv ATLA: 
de ‘ Hie Ole Mey Mote Me Alb 
COU me mite Vo} Pe pipes Les the 


Ay Unga fue Whe tie CNTs 
Oc et (aid fied mau vie fil t]+ 
fv fifth) Va pode Lorie rite yee ng 
teat Ah Rus (uthesi Pode Wide hie BUOY 


wh NN 
Wt | FN WO at Ishin Hite Werth 
fr HHIK Foy wyon Pbk ! Nie (HOG 
was | op $0 i the HALL 
taj Bio VAN Ls Hil (ROAR: 
(eit ; i (elit Nis TUaN 

! hee pails 
out Hie TATE 
whi . Mi i it TWA 
eh | Weal i TANG te ate Tenge 
Re TKLOA | Tintin Nye SUBE 
wor | eno Hl NLA mf. Rae 
RG Bin se NGMEH! 
wih IWNIiett ihe BTN 
th i aienod in) ogy: 
(he [sao st Lhe {fess a AGH: 
wie fein? [os Ate sok use Wort 
WT | Minas i ‘ WR AMe ue O76 
do La DG QT Luv 100000" 


dye Phas hy (MHRA 
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FABLE: XTV.—Weights and Measures, English and Wrench, with 


their relative values, 


MEASURES OF LENGTH, 


12 inahos sii vis vee wae 1 foot, 
702 Inohos -_ te fa oe Link 
Bfoob oa a oes ne ve Lyard. 


bh yards = 10h foot. L polo or poroh, 
100 links = 28 yards... ee «Ll chain = 4 perches. 
40 porches == 220 yavds,., 7 vo» 1 furlong, 
& furlongs=21700 yards... nl oy Lilo. . 
O foot ry) ve ay 1 fathom, 
120 fathoms ia 4s 1 ve L cable’elength. 
LNunticnl milo... ese 6082"7 feat, 
012 iniles ... as ane on we 1 Geographical deg. 
Similos s,, on Mae we ve UL lenguo, 
‘Tho Trish porch is 21 feet, or sevon yards. ‘I'hree inches make 
a palm; 4 inchos a hand; 6 feet a pace. In cloth mensure. 
Qf inches == 1 nail; 4 nails = 1 quevtor; 4 quarters 1 yard, 
11 eish anilos = 1 Tingtish, 


MBASURES OF SURFACE, 


. 


‘Ldd squavo inchos ou. ie eevee A sqquavo foot, 


OL7204  ,, on ee on ae L square link, 
§) Keune {rot aM vee on ae L square yard. 
HO} square yards = QTR} square fect .., 1 squaveperch. 
10,000 aquavo lifka =4,856 ” a L square chain. 
‘LO square chains = 160 squave porches... 1 acro. 
‘L rood = 210 square yards... 40 perches, 
A roods d,840 ” oe Lacre, 
{10 neros 3,007,000 ,, « L square mile, 


‘Tho Trish porch is 40 ayuare yards, or 441 squaro feet; 1 Trish 
nero La. Qu, LLZp, statute; and 1 statute acre=On. 2x, 1877p. 
Ivish. ‘Uho Ivish aero is to the English acro as 106 is to 121. 
100 square foot, is a square of roofing, slating, or flooring, The 
Cunninghwm nero is = 1a, Lr O-OLp, English; and 1 English 
nero in s= Ua Br, 8004p. Cunningham mensure, : 


462 HE DISCHARGE OF WATER FROM 


QUIN MEASTREN, AND MEARUIER OF CAPAGPLY AND Wirane, 


A788 euhin inches... cag oe Lothin thot, 
27 nbio font vee tee ve EL eubio yard, 
Max ToL eeteei enbie feat as 7 pore of masonry 
Uh x Uh x MM eubie tow a. Do rad of brickwork, 
QE x Ubx docs dobenbie feet. UL Lviah porel of masonry 
Tho xtidivd potion, tinperial measure, contains LO Thy, 
avolrdupois, af distilled water at 62" Mahronheit, the barometer 
ating at 80 dete 








N82 pnllon ie vee we Leuhie foot, 
* 8005 oubia inched... a9 we Lyi 
‘A yilla 84060 cubic inchow a. ow Lpint 
Q pints OWLS cubic Inchon. vee ch quirk. 
2 quits WANT eubieinehor 4. pottlo, 
Q potter R7F8td cuble when Lean. 
9 palo ihn oie inches ve L peck. ° 
4 pouks SQ th UU cubic inehes ve L bushel, 
Tho olk (ish patton conmtsined S170 enbie inchs, noarly, amd 
1 Yrinh gallon in Cievefore es 7860 impevinl gallon, ho Trish 
Tnevel of limo Kt niewitres (0 Crish gallons, or 8182b imperial 
enllony, oy bushels, very notrdy, Ti neared hy a eylindrical 
monive LE jnehow hid amd about 84 iehen i dinmotoy, cons 
{nih BNC the deish baevel. Te the ald binglinh liquid moumyros 
for alo and beer, 80 pauses 1. Inervol et Bb pullout, Od quarts, 
Imperial more, newly. 
Kor oll dry mensnyen, 88 Inehols ed eholdvon ea OL tiahiaay 
J pint, imperial mene, newly, 
Amd 88 Tnhela of coal sel eliddvon of adil esx Ht Iushola 8 
peoka, nnd L gallon, imperint anes, ‘Che Tria barrel of 
wheat iv 20 stone; burley 10 ston; oats Ld steno. 


THOY WEI, 


AM grained yas ow ny vw» Lponnywaight, 
20 pounywoixhts .. ius we Lomeo 
18 omneos... ser a a. DL pound, 
Ono pound ‘Troy ss 28-816 enbie inchs of dixtilled water, buro- 
metor 80 inchex 5 thermometer G4? 
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APOTITEGARY'S WEIGHT, 


20 Troy grains... on an vs 1 seruple, 
Sseruplos ais <a os 1 drachm, 
B8drachms —.,, wove wee L ounce, 

‘12 owncos we ate wae L pound, 


Tho ounco woighs 480 graing, and the pound 6760 graing, both 
in Loy and Apothocary's woight, 


AVOIRDUPOIS OR COMMERCIAL WEIGHT, 


Ono pound Avoirdupois = 27-7274 cubic inches, when tite 
baroinotay stands at 80 inchos, and Fahrenhcit's thermometer 
nb 02°, P 

16 drachms == —487°6 Troy grains... «1 ounce 
16 ounces = 7,000 Troy grains... ve L pound 
14 pounds = 08,000 Troy grains... «a 1 stone 
8stono = 112 pounds aes vee Lew, 
20 owl, = 2,240 pounds oe, oo L ton 


Ono pound Troy = 82280 pounds Avoirdupois, and one pound 
Avoirdupois, is cqual to 1:2168 pounds Troy, Ono ton of water 
contains nbout §6 cubic foot, equal to 224 imporial gallons, 
noarly, ‘on pounds of distilled water is oqual to one gallon, 
tho Baromotor and Thormomotor being as above stated. 


. YRENGH MEASURES AND WEIGHTS COMPARED 
WITH ENGLISH. 


MEASURES OF LENOTIN 


1 métvo o ++ 82808902 feat; 1 foot English ,, °30L7045 metre 

1 devimétrs «. vy 1280800 4, | Linch .. +» 10253005 ,, 

1 eontimétra +e 10828000 ,, | Lyard .. .» 9148888 ,, 

‘Lmillimétre .. +s 0092800 ,, | Lporch, bp yds. 50291002 ,, 

1 Kdlométro(or L000 méure8)'621983 milo 1 milo... 1°60982 kilométre 
1000 métyes == 100 decambtres = 10 hectométres =1 kilométyd — 8280-819 

foot, ‘Tho métro is tho 10,000,000th part of n quadrental ave of the meridian 

oy $0°9708 inches English. 


dtd THE DIGCHANGE OF WATT FON 


MEARUILEX OF KURFAQH 


1 eentiave (ana nyuiave THE ye. Dare 

wee - } a Ma ve Ldeotan 
Ldeciine. an levine, teen { 1 centthare ow ai, 
Twa. “ 107, a métua 

LO) tet es TO deofmvent sbeebs od 7OER Taydiol nerves, and v7 
Tot rn ie qopiind Cask Man iedi neve, 

Choe old Caria toot ds equal bade? Mogtel feet: Uae Meonele tele x 
TORAH Pay lkh inches; the Preaedo line Ores ad ae Englialinel y dio talyo 
fs pial Go Byonsh fret G00 bandich didi MH tert. tho 
qwrehon is 18 Te feots aed the perch royal 22 Prone feet. Cho Mrened 
xquare fiat ort SAD Kandla agitate feet or indies, el doe enbio 
foot ov duel 2, LUOt Mayslinds 


. 

























MEARUREN Q(B AOLINTTY AND VALACTHY, 


Lmilltatere ve OSHAND onde Rot galliititne vd vomtoaren { Ha ote 


1 eontiatero oe MBG i inehory 

YL decintora a. Baan n dh mre iw ee " 
Alva (anne onhte Valvvilitve 0. L087 ” 

1 tera tin nh }aweatea want +. bho 

1 doewitors Am UO Ps Valeontityn Giese e 

L leotentera MHBLHG a Eheetalitvs Oth 7p ” 

Lkilontero HOMO © wo LE Ailofites — O1027aD i 


Tho store and kiolitve ave enc wehbe midis, nal the Htre bea eubte deel. 
nétvo; DO Mivew ara nenrly LE Bagtids gallons, oad L hevtulitva 8761207 
Bogle buchola 


MBASUTIN OF WEI, 


*OU48 rine so} grat, and FOO vad Libs Avelidipois, 


Lratlliqramms 6. OL gratis] Trane 56 ee DAN praiun 

Leontine 6.0 Ute wy PF Udhwagramm oc ORO Tayo, 

Ldevigamme oo... bad vw PE heotegrmond 6 RO gn 

L gran ve Sted wo | LR iMegrinome oo. BR u 
SOLGOR tomer sc DL tony aid 2 tome ss PHtO8 tons 


A grnnne is the weight of a enbie eontinetya of water and ity maxiin, 
denaity In vacna, | kilogrmmaes > STOR Vhs, Pray eek0dt Who, Avoivdupoir, 
Zo etrteal qintal ged Ths, Avoindupeds, al 10 quittute in equi to (ho 
Welght of a audio nétre ot waters 
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TABLE XV, Showing the Weight, Specijta Gravity, strongth and olasticity 
of varinus materials employed by tha Physicist and Fengineer. When 
used by the deuginear only about onefourth of the ultimate strengths 
have given should be ealeulated from, 





















Me Crushing Weights 
MATERIATAL Sed accaen, feet ase neat ee 
Tuplaro. f astavtiony, | Bes PPh te,” | foottn | Fes, 









11,200 
12,000 


1,160,000 |. 
1,600,000 | 9,000 
8,900,000 | 10,500° 
1,850,000 | 8,500 
Se 800 








16,000 } 443} -71 
17,000 | 480 | 77 
19,000 } 525-0 | 840 
16,000 | 480 | <7 
280 | 188-6 | 220 
119-5 | 1-80 










0,800 

































Da, Pato Read a eee ty 60} 800 | 1308'} 2-08 
Cadar, Amerienn, how. rl 490,000 | 5,600 | 11,400 | 568 | O91 
De oda Seasoned wo " 4,000 us 409 075 






10,000 | 538-0 | 8:61 
30,000 | 5.400 | 8:80 
10,000 | 5600 | B88 
12,400 | 49°6 | 0-70 
+ | 870 | 0-00 
17,600 | 2b2 | O-9e 
13,600 | 96-8 | 0-00 
10,000 | 946 | Ops 
12,000 | 47-0 | 0-76 
2400 | 159-3 | 245 
87,000 | 481-2 | 7-70 
57,000 | 487-0 | 7-80 


91,000 | 487 | 78 
ddl | 707 


Coppor, Cash corecreccees . 
Do. Shot eve serene o 
Yo, Wivedrawn ce ee ye Si. 

Dou, Christina secre | 1,000 
Din Mamet sccceseeees | 10,000 
Do, Norway Spro oss + 

Mhn, Seasoned seveeeeees | 6,200 

Viv, Now Haglands..ee, [| 0,000 
Voy Vtigtsserseceeeveee {7600 

CUINSH ses seenccnseeeeees ary 

lyon, Wrought, nglish.. oe 
Do in BU vere ee eens o 
uo, rolled in Shoots and 

Rivotled yereeres . 

Cast Tron Carron, cold blast | 48,600 

Da, Hot blast oreeeees | 87,500 
Dor Mallory pereeeer ee | O7,000 

Pavel Ween vececees 6,000 
Voy Uy sereceeeeeneee | 6000 

Val, const Magid. sess By 
Mo, niblhet what cece os 

Marble, whity Thallan a... | 1,100 
Do, Mavk Culway 4... | 2,700 

Mortar, old, poor 
















1,070,000 |* 
1,680,000 oe 
700,000 | 10,00 


2,190,000 
1,100,000 | 6,100 










































720,000 ry 
9,620,000}. 


1,460,000 | 6,000 







































* | 20,000 







Onl Vaiyglish x 
Na. Canadian 10,600 | 2,150,000 | 6,600 
Do. Dantzis » | 8,700 | 1,100,000 Ar 




















Do, Atrio 18,600 | 2,280,000 . 

Do, Adviatio 4,300 | 070,000 or 
Vin, piteh 0,800 | 1,280,000 ee 

Day vad 4,100 | 1,840,000 | 5,800 









Silvor, Standard 
Slate, Wola vee 
Do. Wostmovdiand 


16,800,000] 
1,200,000 | 1 


- 
oe 
Ea 
Ss 

















Dao Vulontia ss 5,200 " 
Stool, woth 6. oe oo “ 

Da, razor temporal. ++ /20,000,000 “ 
Stone, pranile ayorago cece | 5,600 we 8,000 

Va, Rochdale ces f 800 a 
"Poul, dry vreve | 14,800 | 2,100,000 | 12,101 









Tin, waite. ae 





4,600,000 oe 
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HUMBER’S RECORD OF MODERN ENGINEERING, 1866. 


In imporlal 4to, TMlustratod by 40 Plates, drawn on a largo gealo; and Photographi 
Portanit of di. MCtonn, AY Prosilont ‘of the Inst, Cal prep £3 8s, halt ae nd 
1 


RM LORD ov JIU PHOGRESS OF MODERN ENGINEERING, 1865, coy- 
LN. prising Civil, Mochaufeal, Marine, Hydvaulic, Railway, Bridgo, gettin 
Mngineoring Works. By Wy uauner, Askoo, Inst, C1, and M. Inst, Mi, |! 


LISLE OF ILLUSTRAVIONS, 


me? 

MAIN DRAINAGE, METROPOLIS, MAIN DRAINAQGH JMELROPOLIS— 

No, of continued, No, of 

Plato. Pilato 

+ Ty Onthull Hower, Resorvoix aud Outlet, Pian 1 

ro Outil! Hower. Rosorvolr and Outlot, Dotaits 20 

geek noe as Se 2) Outfitl Sewer, Rosorvolrand Outlet. Details 2t 

Midlile Lovel Sawer, Tumatlon wilh Wh Ontfall Sowor, Resorvoirand Outlet. Details 22 

Vitehs 6 Xe. 8] Ontfall Sowor, Vth Holst. 24 
Ontfall Sawer, Beidyo over Rtv 


Len, | Neetions of Bewors (North aud South gidos) ' 24 
Klovatlon a a Toler 
Guttall Hower," Beldjgo yer” River Tea! wags mmawouN, 


) Vata er: 7 
Ontfall Kewer,  Hrddye Nvor Swelion of River Walt eg Pea og 
Weta ge gg OE Sle hoat Pler, Westuutuster, Blovation . 86 
Outil Hower. Wekhgon a Maral ano, Stoam-boat Mor, Wostiniuster, Dotatls Pie 
North Woolwich Rallway, and Bow wid Tanning: Stata botweon Chartng Cross and 
Unrkting Rulway Function. ran A Waterloo Bridgus, —. . . » oe 
= Uaplal Sewer. Bridge ever How and Bark | York Gate. Front Mlevatlon. ou 
my Hip nilway. Giluyatlon 6. 8] York Chto, blidy Mlevation my? Detuily .. 80 
udfalt bawer,” Hehe over Bow and dark GOvertlow and Outlet at Savoy Street Bower, 
YY tage Uatlway, Uotalli WOH 2a a) oon) ge ae ene SL. 
dual fel Rowe Uehijo over Tow tnd Thur. Overflow mad Outlet at Kavoy Street Bawel 
Hue Ltallway.,* Dotalty 1% mate ae 
Ontieth Sowers?’ Dade over but London Overtlow and Ontloé at Savoy Strout Sewer, 
Widoxwerfion Mecdor, Rlavallon 0. natok ww ww gg BB 
(HUTT Rewer, Noho ¢ Y owt Plor, Waterloo Bridge, Wevation 3 
w-hoat Vier, Waterloo Bridge. Details . 85 
>» + o 1K) Rtowu-bant Plor, Waterloo ridge, Details . 98 
dmuotion af Sewers, Tans and Sections. 87 
(hullies, Pansand Seetiong 6, 8 












Nowy Xr. 
May slowly Datereeption af Suwor! 


‘Middle hovel Sewer. Sowor eundonffteyent’ 
nual 




































AUT Basear, Masons 
Ouitfall Kower,  Renervadsy Sect ma 

‘Moablig Tay and Outleé 
Outfall Hower, Peanitucks . . eel 





14 
5 
0 





Hort Sut DIAGRAMS, 
Ontisll Sawer, Bermorubioy Brauch w VY] Rolling Stock. Re OY fa 8 oA 
Uuifall Mower, formomdbis: Branch +. TH] Granite and dvon Forts: eee B 


‘Mus lettorprers contning full deseriptions of the works of the Main” Drainage anc 


hanes Kandankient, together with articles on tho Formation of Harboura, Ports, 


gud Bronk waters, Mortifientions, Rolling Stock, ‘ 
“Sty, Hithonts warkes-exymeialy hilt oma Record,’ with whteli so many of our readers aye 

how fiend hae <A at yo vended by no ofhor branch of Iterature, .. .. Phe drawings havo n 

*  conmtantly inereanhig value, nnd whovver Qeslres to possess clear represoutntions of tho two great 
wi earriod ant by our Motrapolltau Board will obtain Sr, Unmbor's Inet volume, ‘to nearly 
wvary town and borough purveyor in tho kingdom, to engineers of drainage snd embankment 
works, to nearly ovary class of architects, as well as ta gontten 3 All grout works of 
fowa Tiaprovenmnt, wo ea most, cuntally. recounnoud Mr. [ntinber'’s handsow volume; and to 
anne ree nondadfon wo my, porliaps, ald (ant svonor or lator the work will be found a xecessity.” 


— Rayimeving, Vulober sth, 1807. 
. 
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HOSMER RECORD OF MODERN ENGIN ERIUING, 1804, 


Vnpe ate, yi 3a Vooths Viates denver teat dite eats ad Bartralt of Robert 

fils halaepnesa, 

$ on Mane PNGISERIONG, 18at: 
1 Usshautio, Kaikoag, Hilo, and other 

 Wateasa Us Asa bet Sond Mo Tnot. MARY 

wih Miactival Yrestleas an Vet ach Weranditdian Wvidgo 









RECORD or 
v Voneasprdatisst 
Bouinesrdig Worle 
Author ef 6A Cony 
Sfoyet raetity! 
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ty tally au aint 
SEAM Mer detect ats 


The etic tie uted ter 
frat Byte oe bed 
dee Chet Dit bs 
atebadls eH be 

pe eat be woth 
sstitlort, boty dee hie 
Gath Gr do test boyy 
pete Ming 

Sy A TY eae ottont yes ant ef paudstio 

OAL fiagnibose Ie co atne thee pay 
Wo fas trots bbecdedyl betoge theta 


Me Tbsayler sc topetation va auanthar Te 
pod tyro tnt gotiye tatoly evtispstod 
HE i eat, A nat workediyg 

ile ah DS, 















at tape” fon 
ote vs We ata ef ibe atid dsignent hy the 
Wt sak Pho teak feooba ablel eamat 
Toot fol sone cori aad yay Pvt ta Mar etgdaaoniny 















ably tes 
feted 





sary i ae Vig fecha 
cyclo h, Uys fia eelivet lol of examples 
cen fe 






peak days 
t 


ON em, 
eae FIRE ENGINEERING : 

Now realy, withaamgerons tHuostyat boty aabicmely prloted, fH ppy 
sdonay Hye, p 
porns, FIRE ENOERES, ANTE PTO RICIG ADE 4s with oy Tiotory of Manual 
* amb iw Vy vl, Miele Conatyaeti, Deo, sud Maeement: Remark 
au Bien BY oy nd ‘We ! pedo tite frei Pies Stathtier af the 
Vive Spyption Byotenes Tuts for the fariaation 
of, al Rules cudnt at Ama icgt Stoata Mrehuyritioa, 
ity Cass PPh Eoonomy af fteam Power on 
“Moab 


OUT 









































fereebtelh poor ces wn osbto ated ineveadiyg 
Vitopoated ba the subject uf fren ail Ara 
Ue teatly Che eihy Eayliede work we 





sac ashet sachnicony aiid geese of 
Hav vend tin. a achette Higa, 

fostian ba tet boone beliiyity 1b 
sey nedsd by for fhe titter, Hells tye 
AEE 8 Utueaor be dag Poatgteee  ajner 
Vo fio Ui cael Byinco ted po eant all, 
i Mee chet lily ga thea) Boat 

AP, cant ME Vatpeng tee 





saniticteny 





agro 
shovel 
wi dine 






hearege 
PERT Data tie, cand Med ea peentlan he 
botuel Me theta beet chonbt preety sgl inh 
De eety nt bee dates be tye tigsgetoa@ cat ade tut 











yerbe feater tnt cued lay geckos diene shag athotlon, and. 
ye etandfod by slbages oth betta a teats 
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et its out 
then baw epental 


Sowul siteh Re polak of 
fotteantvt hfstery with 
nib Shae tabs Ss Whe qachucthuay ef an 
footdaba thea site Ghoraeti tise on it, 
she of Mer ott Gr oltude gute 2 Ue bet 
ort disand 
Bereta g bands ta gist Cit dantiaal. 
silefect edie Mette, 
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ahbel 

wontys sb tented a 

aye a uae 

Have cata prae 
ar 











AN OIN ML: 


nnvation for 1 





TRH AND CONTRACTORS OFLTIGH SEE iS 
en arse nheet, far hang: tye ey agenating. Beteo Qa, Oe, 

NOIN Js SOCOM TORT OPPICE MIPER ANDEALAMANACK, 
tataissiiy, lel the sunt Abmarieh ganttyy a layge varlety of Information, - 
watt fn a Bngacer'a Gtttee, with very mdaerots formule, lata, Ge. re 
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NOAD'S STUDENTS' TEXT-BOOK OF ELECTRICITY, 

Now ready, poat 8vo, nearly 500 pp. and 406 illustrations, price 12s, Gd. cloth, 
HE STUDENTS TEXT-BOOK OF ELECTRICITY; including Magnetism, 
Voltaic Hlectricity, Electro-Magnetism, Diamagnetism, Magneto-Electricity, 
~~ -Bhevmo-Hlectricity, and Electric Polegraphy; being a condensed réxuné of the 
‘Lheory and Applications of Electrical Scieuce; including its latest practical Develop- 
ments, particularly as relating to Atvial and Snbmarine Tolography, aud every recent 
Discovery. By Henry M, Noan, Pa.D., F.RS., Lecturer on Chemistry at St. George's 

Hospital, Author of “A Manual of Chemical Analysis,” “A Manual of Electricity.” 


In this work it hag been the author's ondeavouy to present a faithful reflex ef the present state 
of alectrical seiongo, boing specially intouced for tho uso of students, much con- 
Alnsation wig MUR to bring it within the limits of a moderate sized’volume, Tt 
will, neverth less, it is hoped, ba found to inehiddo tho Intost important discoveries, aud the chief 
practical applications of the'scionce, Tn carrying out tho design of the book, ti 
availed himself freoly both in tho matter (ina condensed form), and of tho illust 

~ Munual of Blectricity,” but the present volume will be forind to contain much 
important information, ‘which las become available sinee the publication of that work. 


HASKCLL'S FIELD-BOOK, ENLARGED. 

Now ready, wit) numerous wood-cuts, 12mo, price 12s. cloth. 

HE ENGINEER'S, MUING SURVEYOR'S AND CONTRACTOR "SedpheaD- 

BOOK, By W. Dayis Hasxou, Civil Engineer, Second cditi* -diuch 

enlarged, consisting of a Sdvies of Lables, with Rules, Explanations of Systems, and 

Uso of Theodolite for TravelseSurvesitig and Plotting the Work yach minuto accuracy 

by meana of Straight Edge any Set Square only ; Levolling with the Theodolite, Cast- 

ing out and Reducing Lovols tp Datum, and Plotting Sections in the ordinary manner; 

Notting out Curves with the JTheodolite by ‘Tangential Angles and Multiples with 

Right and Left-hand Readirfe of the Instrument; Setting ont Curves without 

Thoodolite on tho System of #angential Angles by Sots of Taugents and Ofscts; aud 
Envthwork Tables to 80 feet dep calculated for every 6 inches in depth. 

d Notive3 OF THE FIRST EDITION, 
“4 vory usotit work fur the practical engluccr and surveyor, 


“the book is very handy, and the auther might have added ha 
and tangents tu every minute will make it useful for many’ other purp 


tables existing all the same."—Athcueu i . 
“Tho work forins a handsoma , oki ind exnnot fail, from its portabitity and utility, 
Wf profession ining Journat, 


to bo oxtensively patronised hy the engines M 
“Wo know of no better field-bovk of reference ur colleetion of tables than that Mr, Maskell las 


-Ebyen.”"—Artizan. a 
ae “ Axgeries of tables likely to be very uscful to many civil engincers 


ay 
x.2 INWOOD'S TABLES, GREATLY ENLARGED AND IMPROVED. 
fe Just published, 12mo, &s., cloth. 
‘OR THE PURCHASING OF ESTATES, Freehold, Copyhold, or 
; Annuitios, Advowsous, &e,, and for the Renewing of Leazés held 
undey CathedraMChurchea, Colleges, or other corporate bodies; for ‘Terms of Years 
certain, and for xg; also for Valuing Reversionary Kstates, Deferred Annuities, 
Next Presentations, &., togother with Smart's Pive ‘fables of Compound Interest, 
and an Extension of the Sane to lower and intermediate Rates. By Witrtan Iswoon, 
Architect. The 18th edition, with considerable additions, and new and valuable 
ables of Logarithms for the more Difficult Computations of the Interest of Mon 
Discount, Annuities, &o,, by ML. Fipon Troan, of the Société Crédit Mobilier of Paris, 
frou forn 
u 
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fvom tho original collection : so that those who he 
for any special professional purpose will, as hereto 
pies. ‘ho aim of the publishers has haan to pres 
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had’ he been living, would, na doubt, have seen to be de 
commercial and professivnal undertakings, 
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4 WORKS PUBLISHED RY LOCKWOO) & CO, 





AIDE-MEMOIRE ''O THE MILITARY SCTENCHS, 
Framed from Contributions of Officors and othora eouncated with the Ailfovent 
: Services. Originally-cdited by a Committee of the Corps of Royul Tngingora. 
Second adition, most carefully revised by an offtcor of the Corps, with muny: 
additions, Containing nomly 360 ongravings and mony lundrad woodcuts, 

8 vols, royal 8vo, extra cloth boards, and lottorad, price 4d. 108, a 

#* A List of the subjeots amply and practically troated of, and of the prinelpal 
contributors, will bo forwarded on application. 

A compondious choyelopedia of military knowledgo, to whdel wa are yrenbdy: Indelitud m= 
SNe kon contra nutestiaterttse tees, Amen the 


“Tho most coniprohensive work of reference to the military 
list of contributors, somio xoventy-xeven 1 number, will bo famed mitros of (he Diehead lbstlel ion 
in ho services, . ‘the work claims wud poswesscs the reat anoytt Chat Dy far tha tnayox poy L oy 
of its subjects havo heen treated originally by tho practleal men who have buon its conlrhaters, 


—Voluntecs Service Gazette, 


ALBAN, Dr. ERNST. 
JHE HIGH-PRESSURE STEAM ENGINE: an Mxposition of its Compa- 
rative Merits, and an Essay towards an Improvect System of Construction, 
adapted especially to eecuro Safoty and Economy. By Vv, Muxav Ansan, 

{7 Setical Machine Maker, Plau, Mecklenberg. Mgnsluted from the Corman, 
with Notes, by Wa, Porn, C.E., WRAS, Assoc Taste C.0 With 23 fine 


plates, Svor 46s, 6d, cloth, / 


ARUNDELL, W. 
A PRACTICAL TREATISE on THE LAW/ RELATING to MINES and 
MINING COMPANIES. By Wurrron Anuny sn, Attorney-nt-Law. Crows 
8yo, 4s, cloth, i 


BEAZEHLEY, ALEX. t 
TABLES OF TANGENTIAL ANGLES AID MULIMPLES for setting ont 
curves from 5 to 200 radius. By Annxanpen Braguiny, Me Tnat. OK, 
Printed on 48 cards, dnd sold in a cloth box, waiateont-pockat size, price 89 6H, 

“Each tablo is printed on a small card, which, being placed om tho thyodollte, eaves he hands 
free to manipulate tho instrinucnt—no small advantage as regards tho vanidity af work. Mey ian 
clearly printed, and compactly fitted into a small easy for tho puckot—an artangamon Mat will 
recormonsd thom to all practical mon."—~Zaginer, : 

“YVory handy: a man may know that all bis day's work vist fall on tava of Ghose tants whl 
he puts into his own vard-caso, ane leaves tho resé behind," Adhere. 2 oN 


BUCK, GEO. W. 





~ , 


A PRACTICAL AND THEORBTICAL ESSAY ON OBLIQUE RIDA = 


with 18 large folding Platos, By Quo, Watson Buor, M. Inst. S1. Heaand 
edition, corrected, by W. H. Bartow, M. Inst, GN, Tmperil 8vp, Te wclobl. 

BUILDER'S AND CONTRACTORS PRICK OOK, 
LOCKWOOD and CO’S (formerly WEALE'S), BUATUEIYS and GON. 

, TRACTOR'S PRICE BOOK, published annually, Containing the Intest 
Prices for Work in all branches of the Building 'Lrado, with [toms numbered 
for easy reference, and an Appendix of Tables, Notes, nad Momoranda, 
arranged to afford detailed information commonly roquired in proparing, 
Estimates, &e. Edited by Quoncy R, Burnenn, IGS, IS.A, ke, Civil 
Engineer and Architect. 12mo, 4s. cloth, lettored. 

2," This Toole is now the universally recognized arbitrator fi tho sntilamont of laprat el 
accounts, "ho present Edition has hoor thoroughly revised ; ovory. line atel tigeary fist hon 
carofally considered and compared with oxisting Price Lists, Not belmg prialod: trons slureatyyie 
plates year aftor year, as is the cuso with other banks of tho kind, orroms ate nob porpuliubed, 
and the opportunity #3 taken in evory reprint to introduee currong prices and other deshable 
improvements. . E 


CARR, JOBS sti 
' A SYNOPSIS of PRACTICAL PHILOSOPHY: Ly tho Rev. Joun Canw 
MLA, late fellow of Trin, Coll., Cambridge. Second alition, i8mo, 43, elath, 
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BURN, RO SGOUR, 
VIG TNSHONS OL MY FARM; a Nook for Amateny Agriculuurtsts, boing 

me ditroduetion to: Kiem Prveticy, in the Cultivo of Craps, Ue Kecding of 

Chttle, Manngouont of Uw Dairy, Poultry, oud Pigs, and in the Neapi 

Wunework Kecarda, By Roney Scour Burn, | 

ef Aywicultinal Paets? anc on of tho Authors of © Boole of Maris Iinple- 

awenty nud Machin and “Hook of Marm Buildings.” With une: 

Wratvations, teap, Gy cloth. 

“UA very tefl te book, writhan fe tie Hyely al 


when dE i drthadedl, une ead mel sound a 
“Nagont cousgtato introdietion to (ho whole round af farming pr 


CARDEN TRS (ILE) NEW GULDIs, 
On, BOOK OF LINES FOR CARPENTERS, courprising all the ‘Hlenentary 
Principle sitial for ncqniving » knowledge of Carpentry, founded on tho 
Inte DP Nicitorson's stand work. A new edition, revised by Avtnun 
Asticrap, eel, WBA, boxolher with Practical Rnles on Drawing, by Gronae - 
Pyne, Artist, With 71 plutes, dto, 1/4 ty cloth, 






























‘ ye 

CGUAMBNRS GIVI ARCHLLEGTURE, by QWs 
AURKAEISH ON CME DECORATIVE PART OF GIVIL 1 
WRCTURG, By Bir Wittrat, Citampens, 1, 4, 
With Ulusteations, Noles, and an Examination q 
fy Josnon Cai, FAA. New and Cheap Eiition, revised and edited 
wy We JL Linen, With 63 Platos and Portrait of the Author, Royal tte, 
(4 ty, cloth, i 

*,* A now edition ¢f this alandard avohiteotural work (which has already 
powsed through sovernl high-prived isauos), 80 cheap ns to placo ib 
yerch of the bumblor claaien of students aud practical men, ad at tho sumo 
timo so eurofally edited and woll oxceuted us to make it worthy of i plneo on 
{he sholver of the more opulent, eatinol fit to bg recuived ax a boon by the 
profensionl public we large, 


COMPILE GRAZALGR, ‘lus, i 
AND KARMERS AND CATTLE BREEDERS ASSISTANT, A Compon- 
sho of Husbandry, especially in tho dopartaients connucted with the brood: 
“lig worry, foodtug: andl general mmmagnment of stock, Lheenmungemont of 
the duirvy, ates; wilh directions for tho culture and managouont of grass land, 
of pray and reat craps, tho arrangement of farm olives, ie use of iauplements 
walk poaehines; and on draining, irrigation, waeping, &e, and the application 
and dgtative valia of manus. Dy WILLIAM YOUAT, V.8., Member 
ol) thay T Agvieullural Society of England; Author of “Pho Iovse," 
“Cnttla, mith dition, enlarged, and breaght down tu the present 
veqquironiene ural practice, by ROFL SCOTT BURN, one of the 
Authors of (Phe Baek of Farm Implements and Machines,” wid of “lho 
Book of Farin Baiklings,” Author of 6 "The Lessons of My Bara, 
of “Pho Yeur-Dook of Agricultival Facts.’ Ja one large Syvo volume, 784 
with @15 Wunteatioms, rico 14 1a, strongly halt-bound, 
oes afaidarst, und) test shook, wit the farmer sana gravalons! = Basar 
svelileh will remain we standnl work et the 


jek hie Be pes. : 
De fael, acompouliacs of matory Tudendsy, ensbra 


jculne Tnnpauvotnetss of thu tty, "dVee Sporting Megiacive 
GCOTTAGHS, VILBAS, AND COUNTRY LOUSKS, 
DESIGNS and EXAMLIIS off being the Studies of several ein 


foots and Builders, consisting of plans, alevations, aud perape , 
with Aponte esstLunates of tho cost of est" t 67 plates, price 


1, Ta, cloth. 
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8 WORKS PUBLISHED BY 


DELANO EE, ; 

: me PRIMER OW MIE AIC OF TDBUMINATION 5 for the dan el Leiner, 
with a radinentary troative on Che nrk, practical diveut ic fin dic exevedin, atid 
intnerous eximnplex, taken fram, iuminalnt MSs 
COLOURS, By J Dapasovien. Sill dla, price @x. Ishynetdy bond, cloth 
antique, , 

“A handy Vat 
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MAN, revotmmiristed te Tie atindent, ws htity edt auch 
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ane the il aud well vhosen, are Moarbitialiy prints tia gett and 
colons, " * ; 
UrRoomen, 1. \ 


ULNAMENTAL ALPHADWTS, ANCIENT AND MEDEA, fron 
tho sighthegutury, with numerals Ineluding Cothio, ChavedPest, large and 
inal; Corkan, Ltalian, Araboajio, Initials fey Hlundustion, Mungranis, 
Crossos, ke, Go, Lor the tue of Arebiteetural wid ay deerin, Drang htagen, 
Missal Painters, Mason, Decorative Painters, bithoprapheny, Ey ravers, Cire 
vors, &e, Ke, Ke. Cotleated and Bagraved by IS Dacpastacen, and printed 
in Colours. Royal Bvo, oblong, price ts, cloth, 

“A oll-known ety eoratled be this unetal hurls there alot many 
7 foemanetted cortonee round pil led linliges, wie 
rareh walls with pithy nettenge: feta the Deas 

a wie wanda Ube aint. 

















DELAMOTT Is, 1." , 
EXAMPLES OF MODERN ALPITAIIOPS, PLAYIN AND GLO AMENTAL, 
Jnolnding German, OWL Baylichy Basen, [die, Porapoetive, Creek, Hebrawy, 
Court Had, Mnigroasing, Mixean, Ribail, Gothie, Hamtie, aud Atihesque, 












. wilh Hal Desigany anda Analgesia of Che ornate Ght Enytigh 
Alpha Large and Satl, and Niners fia the dee al Daa terniencture 
veyors, Masons, Decorative Mdnters, Lileyeaphers, Moyvavers, Carvers, Os 





Collect and 1 
Syvo, oblong, pr 






al by We Denamorrny at printed: ia Colenra, fey 
oth, : 


ity te netuiteed cand shearer, Uiie deny: banda 
Ti Devens pee cibbe ahistpet bate yetde ho Ghar tatters 
val anu thee halen t whdets dies beget tps nada ba tas 
enitaal totlorss is weetuleed Hd! Stee nalge it 
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DELAMOTWLES, Lf , ‘ 
MEDLAVAL ALPTLABETH AND INITIALS FOR PLLUMEXATIORS, by 
I Devamorre, Wuminator, 1 ner, and Engraver on Wool, Containins 
21 Viates, and Uhuninated ithe, printed in Goll and Colo. Withan be 
troduction by d. Waris Broo WU ftv, tis, clothes silt. 


“volume in which tl cone ford plordiien® dye ltaye sid all the 
evlours of tho, died wil Fateroadipded, poanetietiess seth rand nd 
fhe characters woarkt tay edity eirvepetcintides to 
ond of these dolie i fa baneh et Rowers woth eletted tid cleveily 


sunnunged. . 
DELAMO'TT Is, I 
THE EMBROU (ARS BOVUK OF DESIAN, comuining: Initials, Eaablema, 
Syphors, Monosmmis Ornamontal Hordore, Nevledautioal Devic Meulival 
and Modsrt Alphabets and Navonal Broblene, Cotleetad ond engraved hy 
¥. Devamorer, tavt printed in Colours, oblone voynl Sve, priest Bd. ite 
ornamental boards, : 
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MPSIGY, CD. 
TEE PRACTICAL RATIWAY BNUENEER, A Concise Desert 
Nayineoriys mul Moahnnieal Operations aul Steaebir : 
jn tho Formation of Ludilwaya for Pablie Crate; embracing an Account of 
the Prinvipal Works exceutad in the sonstraution of Railways; with Facts, 
Vigdres, and Data, inloudod to aasisl tho Civit Buginew in designing and 
scouting the imporkint Detail required, By C. Drysnaun Desesny, Ci, 
Mourth Vidition, rovinal and ygoally oxtondod. “With 71 double quucie plates, 


72 woodsute, wd Portewit of Quona: Srepurnson. 1 largo vol. 
We Lely Gul, elath, ° eens 


WLENG, G11 
AS ERTS OF METRIC TALIS, in which tho British Standard Measures 
wil Woightic are compared with those of tho Mobrie syatom at present in nso 
on tho Continent, By GL Downing, GE. Bye, 10x. bd. strongly bound, 

Fy Heaytinyce Tables, which nr well uit lugothor, voto Juusb in time as a ready 

iytalane of one ayntonn bata (he athoy,-ctdieneetnn, 

rate avveitaury tec heath guetta ly Pyalesat Airy, (he Astronomer Ro: 

WHT bo devivedl fruin tho recent publ 

Dowd bing Ch port af Section & Mvitish Associntion, Bath 

oe hottave Hora Tables Lobo thoroughly reliable, tinid £ 
























ener for 








Wiles, by 








cueel Avchitce! syd -aatan 





THE: UIMBER MERCHANTS AND BUILDER'S COMPANION, contain. 
ing, Now and Copions ‘Tablas of the Reduced Weight and Moasurement. of 
Dols and Baitous, of all sizes, from Ono ty # ‘Thousand pieces, and the relative 
pico that enoh size bears por Lineal Moot to my given price per Petersburg 
Ntuadavdl Thuidved; the privo per Cabo Fyot of squavo ‘Tinber to any given 
priew par Load of 60 foot; the proportionste value of Deals and Batlens by the 
Standard, to Syaare inher by tho Load of 60 feot, tho readiest mode of 
pcan taltudnys tho price of-Seantling per Lineal Foot of any.sizo, to any given 
(gure por Gabo aot, Ala, & varlety of otter valuable information, wolul to 
all partios concerned ov titerested in tho buying or selling of Foreign ‘Cimber, 
Hy Winetsat Dowsixg, inher Merchant, Secon Mdition, Crown 81a, 38, eloth, 
In enrey where il fs 
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Kyu Bannerer, Sisth Mdition, mueh enlarged, and bron 
of 1867 Kerbion, | timo, price Ga, 8d, Ginvad_ ab every consul 
howl in eloth, Comprisiuy the Hights and Wrongs of td 
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FAIRBAIRN, WM. : \ 
: TRON; its History, Proporties, and Prooosses of Manufaoturva, By Wein 
Parenay, 6.1, FED, BRS, ke With numerour Woortuts  Bemy svo, 


price 9s, cloth. 


“XY rolentitle work of tho fist. 


connected with irom inte a + 
persons engayed fn its manufac! 


GRAHAM, ALEX, 
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GRANDY, Rt. I. 


An formation 


for the move ext caleutitions sequdved de dha Magdneers! Obes, 


Hogineor, Forest of Dean Gonteal Railway. With nunerous Pagvant, 18ie, 
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THE PIMBER IMPORPEWS, LIMBER MERCHANTS, anel BULLUERS 
STANDARD GUIDE. Ry Riedary KM. Gkanny, Tato. price fn Gi, elath, 
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including All intermediate Expenaoy, Mreight, Lasteuos, Deby, &e, 
Protion’ Methals ond Exmaples for Redaation, onibruitys 
Nutuevical und Super 
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ON IRON SILLBUTLDING, with Practical 
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MALIOAMATICS for PRACTICAL MEN; being a Common Placo Book of” 
Yuva and Mixodt Mathomaties, designed chiefly for tho uso of Civil Engineors, 
Avehitonts, wed Suryoyors, Dy O1inius Chunory, 11.09, LAS. Hutarged 
Ly Henny baw, Civil Muginvor, Fourth Edition, cavofuily revised and cor- 
reotot by J. BR. Yound, formorly Professor of Mathonitics, Bollist College; 
_ With 13 phates, niedium 8yo, 


= 


Author of A Conrso of Mathonmties,” &e, 


U 18, loth, 


CONTENTS, 


VAT L=PURE MAVPIDEM ATION, 


Cligtay Lem tates L Dotinition af note 
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Double Plates and 287 pages of OL 16s Gd, halts bound in uiarieen, ¢ 
“\ very valuabl oof civil wnyglieenianys, La idl hay tr 
Hous, plan. tlven, whieh very iiiedy crbgien tie fisd tte 
worth of wou willtiyly: bo without oo yditibebbe ay Hart at 
inforaation."--6 is 


HUMBER, WM. * 
A RECORD OF Tis BROCRESS OW MODTRN ENGENEBRING, ts0ay 
comprising Civil, Mechanical, Marine, Hydraulia, Railway, Bridya, caret othor 
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A PRACTICAL ESSAY on the STRENGTH of CAST IRON and OTHER 
wrights, Architects, Founders, Smiths, and othera engaged in the Construe- 


. “Hon of Machines, Buildings, &c.; containing Practicat Rules, Tables, and 


nea intended for the Assistance of Engineers, Tron-Masters, Mill- 


Examples, founded on a series of New Experiments; with au Extensive 
Table of the Properties of Materials. By the late Tuomas Trepcorn, Mem. 
Inst, GES Author of “ Elementary Principles of Carpentry," ‘ History of the 


- Stenm-Engine,” &e, Mlustrated by several Engravings and Woodeuts. Fifth 


“which ave added EXPERIMENTAL RESEARCHES on the STRENGTH 





Edition, manch improved, with Notes by Eatox Honckrvsox, F.RS.; to 


and OTHER PROPERTIES of CAST IRON; with the Development of New 


. Principles, Calculations Deducod from them, and Inquiries Applicable to 


Rigid and Tonacious Bodies generally. By tho Eprror, With 9 Engvavings 
and numerous Woodeuts. S8vo, 125. cloth, 
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THE ELEMENTARY PRINCIPLES OF CARPENTRY; n treatise on the 
pressure and equilibrium of timber framing, the resistance of timber, and tho 
construction of floora, arches, bridges, roofs, uniting irom and stone with 
timber, &e., with practical rules and examples, to which is added an ossay on 
tho nature and properties of timber, including the method of scagoning, and 
the causes and pravontion of decay, with descriptions of tho kinds of wood 
used iu building; also wumerous tables of the scantlinga of timber for diffe- 
rent purposes, tho specific gravities of materials, &c. ,By Tuostas TREDGOLD, 
Civil Enginoor. With fifty.threo Engravinga, a porthyit of the author, and 


> several woodculs, Fourth“edition, corrected, and onsidernbly enlarged, 


Edited by Peren Bartow, FR.8, In 1 large vol, 4th 21, 23. oxtra cloth, 
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, - WEALE’'S ENGINEER'S POCKET BOOK. 


THE ENGINEER'S, ARCHITECTS, AND CONTRACTOR'S POCKET 
BOOK (Lockwood & Co.'s, formerly Weate's), published aunually, With Diary 
or Events and Daya connected with Engineering, Architecture, and the, 
kindred Sciences, 16 copper plates, and numerous woodcuts. dy vor tnek, 63, 
‘of the aeientific branches of 
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Mechanic's Magazine, 
Jarge ammount of information pecnifarly valuable to those for wh 
chitectural profess! 
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WEALE’S BUILDER'S AND CONTRACTOR'S PRICK 


BOOK (published annually), See page 4, 


_, WEALE'S SERIES OF RUDIMENTARY SCIENTIFIC 


AND EDUCATIONAL WORKS, .At pric ying from Is, to 7s, be. 


*,* This excellent and cheap series of hooks, comprising more than 200 different 


sworks in almost every department of Science, Art, and Education, is recow- 

mended to the notice of Mechanics’ Institutions, Literary and Scientific Agso- 

ciations, Schools aiid Students generally, and also to Merchante>Shippera, &e, 
Lists may be had on application to Messrs, Locxwoop & Co. 
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WICHTEEWICK, CONOR Gs, Architect, 
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